
VIA HAND DELIVERY 

March 3, 2015 

Mr. Peter Ramanauskas 

United States Steel Corporation 
Penn Liberty Plaza 1 
1350 Penn Ave- Suite 200 
Pittsburgh, PA 15222-4211 
412 433 5916 
Email: twoodwell@uss.com 

U. S. Environmental Protection Agency- Region 5 
77 West Jackson Blvd. (LU-9J) 
Chicago, IL 60604 

Tishie Woodwell 
Acting General Manager 
Environmental Affairs 

Re: Self-implementing Cleanup and Disposal of PCB Remediation Waste 
Former Birmingham Steel Joliet Works 50-acre Facility 
Joliet, Will County, Illinois 
ILD005454566 

Dear Mr. Ramanauskas: 

This letter is being sent to request Approval under Title 40: Protection of Environment, 

Code of Federal Regulation (CFR) Section 761.61 (a), for self-implementing cleanup and 

disposal of polychlorinated biphenyls (PCB) remediation waste from the Former 

Birmingham Steel Joliet Works Facility in Joliet, Illinois (Facility). Enclosed is one hard 

copy of Revised Self-Implementing Remediation Work Plan for PCB Impacted Areas 

(Revised PCB Work Plan). The PCB Work Plan submitted on January 30, 2015 has been 

revised to incorporate preliminary comments provided by the United States Environmental 

Protection Agency (USEPA) and subsequent communications between Jennifer Dodd of 

USEPA and Kevin Stetter of the United States Steel Corporation (USS). USS is in the 

process of securing a contractor that will be performing the remediation work. Once the 

contractor is identified, their representative will sign the certification form and submit to 

USS. USS will then append the work plan with the additional certification. 

The former Birmingham Steel Corporation's Joliet Works Facility consists of approximately 

57 acres and has been divided into · two parcels for investigation under Illinois 

Environmental Protection Agency's (IEPA's) Site Remediation Program (SRP)- a 50-acre 

parcel ("Site", located to the east of the Canadian National Railway tracks) where 

historical steel-making facilities were located) and an adjacent 7-acre parcel (located to 

the west of the Canadian National Railway tracks) where the waste water treatment plant 

is located. 

On June 17, 2005, USS, the current Site owner, entered the entire 57-acre Site into the 

SRP. The official SRP Site name is Birmingham Steel Corporation. It is currently active 

as LPG#: 1970450024 and United States Environmental Protection Agency (USEPA) ID 

is ILD005454566. The SRP Remedial Applicant is USS and the current point of contact 

United States Steel Corporation 



is Mr. Mark Rupnow at 1350 Penn Ave., Suite 200, Pittsburgh, PA, 15222. USS intends 

to obtain a Comprehensive No Further Remediation (NFR) letter for the Site through 

the SRP. The IEPA Remedial Project Manager is Mr. Tim Murphy. 

USS desires to ensure that remediation activities at the PCB-impacted areas are 

performed in a timely manner, consistent with the schedule and technical requirements 

developed in the Remedial Action Plan, approved by I EPA on November 26, 2014, as well 

as in accordance with applicable Toxic Substance Control Act (TSCA) requirements. 

USS is looking forward to working with you and with members of your TSCA group as a 

team to complete the remedial measures at the PCB-impacted areas, using this Approval. 

If you have further questions or comments, please contact Mr. Kevin Stetter at (219) 888-

3449. 

Sincerely, 

Tishie Woodwell 

Enclosures 

cc M. R. Rupnow (w/ encl.) 
K. T. Stetter (w/ encl.) 
A. G. Thiros (w/ encl.) 
D. J. Zywan (w/ encl.) 
J. L. Rey (w/ encl.) 
P. F. Hurst (AECOM) (w/ encl. ) 



Certification 

In accordance with 40 CFR, 761 .61 (a)(1 )(3)(E), I certify that, as a responsible corporate 
officer of U. S. Steel (USS), all sampling plans, sample collection procedures, sample 
preparation procedures, extraction procedures, and instrumental/chemical analysis 
procedures used to assess or characterize the PCB impacts at the Site (located at 927 
Collins Street in Joliet, Illinois) are on file at the Environmental Department of U. S. Steel 
Gary Works in Gary , IN, and are available for EPA inspection. 

Signature: 

Name: Tishie Woodwell 

Title: Acting General Manager. Environmental Affairs 

Date: March 3 2015 
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This work plan is prepared to implement part of the approved Remedial Action Plan (RAP, 
URS, 2014c) focusing on remediation of the polychlorinated biphenyls (PCBs) at the Central 

Parcel (i.e., Remediation Areas 8, 9 and 1 0) within the 50-acre parcel (Site). Remediation of 
total petroleum hydrocarbon (TPH) impacts at Areas 1 through 7 of the RAP will be addressed 

with the Illinois Environmental Protection Agency (I EPA) separately at the Former Birmingham 
Steel Corporation Joliet Works Facility at 927 Collins Street in Joliet, Illinois (Facility). Site 

locations and layout are shown in Figure 1 and Figure 2, respectively. 

To facilitate the decision-making process regarding the investigation and remediation 

activities, the Site has been divided into four subareas based on the historical land use, nature 
and extent of impacts, and potential for exposure (i.e., the Central Parcel, East Parcel, 

Northwest Parcel, and South Parcel). The laboratory analytical results of samples collected 
during previous investigations indicated the presence of PCBs in soil at a few areas within the 

Central and South Parcels of the Site. 

United States Steel Corporation (USS) has prepared this work plan to conduct excavation of 
impacted soil and post-excavation verification sampling for PCBs for the Central Parcel. The 
South Parcel will be addressed in a separate work plan following further characterization. USS 

hereby submits this work plan to US EPA for review and approval. 

1.1 Overview 

The Facility consists of approximately 57 acres and has been divided into two parcels for 
investigation under I EPA's Site Remediation Program (SRP, [!PCB, 2004]): the Site (i.e., a 50-

acre parcel located to the east of the Canadian National Railway tracks) where historical steel­
making facilities were located) and an adjacent 7-acre parcel (located to the west of the 

Canadian National Railway tracks) where the waste water treatment plant is located. 
Industrial activities at the Site ceased in 2000. The Site currently consists of buildings, areas 

paved with asphalt, concrete or gravel, and open areas interspersed with sparse vegetation. 
Except for the small Guard Trailer at the 927 Collins Street front entrance that is used by a 

contract security company and a part-time employee who performs administrative duties, all 
other buildings are vacant and not used for any purposes. 

USS, the current Facility owner, entered the entire 57-acre into the !EPA's SRP on June 17, 

2005. The official SRP name is Birmingham Steel Corporation. It is currently active as LPC#: 
1970450024 and United States Environmental Protection Agency (USEPA) ID is 
ILD005454566. The SRP Remedial Applicant is USS and the current point of contact is Mr. 

Mark Rupnow at 1350 Penn Ave., Suite 200, Pittsburgh, PA, 15222. USS intends to obtain a 
Comprehensive No Further Remediation (NFR) letter for the Facility through the SRP. The 

I EPA Remedial Project Manager is Mr. Tim Murphy. 
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USS is in the process of preparing the Site for future redevelopment. For planning purposes, it 

was assumed that the Site would be re-developed for industrial/commercial use. USS will post 

a deed restriction on the property as an institutional control measure, per Illinois Administrative 

Code (lAC) 742.1000, to ensure that the future use of the Site will be limited to industrial 

and/or commercial use. 

USS plans to address PCB-impacted areas at the Site using the Self-Implementing Cleanup 

and Disposal of PCB Remediation Waste option, as provided in 40 Code of Federal 

Regulation (CFR) 761.61(a). 

1.2 Objective 

The objective of the remediation is to remove the PCB impacted soils from the Site by 

excavation and conduct post-excavation verification sampling activities for PCBs to verify 

attainment of the following remediation objectives (ROs): 

• Central Parcel 

o Remediation Area 8: An RO of less than or equal to 1 milligram (mg) PCBs per 

1 kilogram (kg) soil (:51 mg/kg, or :51 part per million [ppm]) for PCB-impacted 

areas at the Central Parcel by the front gate to the Site, based on the cleanup 

level for high occupancy areas per 40 CFR 761(a)(4)(i)(A) .. 

o Remediation Area 9: An RO of less than or equal to 1 mg PCBs per 1 kg soil 

(:51 mg/kg, or :51 ppm) for the remaining PCB-impacted areas at the Central 

Parcel, based on the cleanup level for high occupancy areas. 

o Remediation Area 10: Total PCB concentration was reported at 1.4 mg/kg in a 

sludge sample (X131) collected by !EPA in 2004 (Section 2.3.3.2). This 

location will be inspected and sludge material will be removed, if present. See 

Section 2.6 and Section 2.8 for planned procedures for this area. 

1.3 Report Organization 

The remainder of this report consists of five sections. 

• Section 2 presents the remedial approach that will be implemented at the Site in 

accordance with applicable regulations as specified in 40 CFR 761.61(a) and field 

procedures presented in the approved RAP. 

• Section 3 presents health and safety considerations for the project. 

• Section 4 describes documentations that will be generated during the implementation 

of field activities and at the completion of the project. 

• Section 5 presents schedule of implementation. 
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For the purpose of this work plan, an impacted location is defined as a location with PCB 

concentrations greater than 1 mg/kg in soil. Information presented in this section is organized in 

accordance with requirements as specified in 40 CFR 761.61 (a). 

2.1 Applicability 

The selected self-implementing cleanup option is applicable for addressing PCB-impacted 

areas at the Site based on rules described in 40 CFR 761.61 (a)(1 ). 

• According to 40 CFR 761.61 (a)(1)(i), the self-implementing cleanup and disposal of 

PCB remediation waste approach cannot be used to clean up the following areas: 

o Surface water or groundwater. 

o Sediments in marine and freshwater ecosystems. 

o Sewers or sewage treatment systems. 

o Any private or public drinking water sources or distribution systems. 

o Grazing lands. 

o Vegetable gardens. 

As indicated in Section 1, this work plan focuses on the remediation of PCBs in soil at 

a former industrial facility and not for locations listed in 40 CFR 761.61 (a)(1 )(i). 

• According to 40 CFR 761.61(a)(1)(ii), the self-implementing cleanup and disposal of 

PCB remediation waste approach will not be binding upon cleanups conducted under 

other regulatory authorities (e.g., the Comprehensive Environmental Response, 

Compensation, and Liability Act [CERCLA], or t~e Resource Conservation and 

Recovery Act [RCRA]). 

As indicated in Section 1, the Site is unregulated and investigative and remedial 

activities are being conducted on a voluntary basis under I EPA's SRP. 

2.2 Site Characterization 

According to 40 CFR 761.61(a)(2), any person conducting self-implementing cleanup of PCB 

remediation waste must characterize the site adequately to be able to provide information 

required by 40 CFR 761.61 (a)(3). 

The requirement as specified in 40 CFR 761.61 (a)(2) is met because the nature and extent of 

impacts at the Site have been delineated based on results of the following evaluations and 

investigations. Detailed information regarding results of previous investigations is presented in 

Appendix B of the Remediation Objectives Report (ROR), dated July 2013. 
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• 1989/Screening Site Inspection by USEPA's contractor Ecology & Environment, 

Inc. (E&E). The inspection included an interview with a Site representative, a 

reconnaissance inspection of the Site, and the collection of eight soil samples from the 

Site and surrounding areas. Shallow soil samples were collected from approximately 

zero to one-half foot below ground surface. The E&E Screening Site Inspection report 

was submitted to USEPA on October 2, 1990 (E&E, 1990). 

• 1995/CERCLA Site Inspection Prioritization Report by /EPA (/EPA, 1995). The 

I EPA conducted sampling on May 23 and May 24, 1995 as part of a CERCLA focused 

site inspection prioritization (FSIP} of the Site. The FSIP consisted of soil sampling at 

the Site and soil and sediment sampling from areas surrounding the Site. 

• 1996/Site Evaluation by the Illinois Department of Public Health (IDPH). IDHP's 

findings are reported in the Health Assessment State Initial Site Evaluation (dated 

September 11, 1996). The Site evaluation included a review of previous investigations 

and Site reconnaissance. 

• 2002/Phase I Environmental Site Assessment (ESA) by Hart Crowser for USS. A 

Phase I ESA was conducted in general accordance with American Society for Testing 

and Materials (ASTM) guidelines E1527-00. Results of the Phase I ESA are reported 

in the November 21, 2002, Phase I Environmental Site Assessment Birmingham Steel 

Miff, 927 Collins Street Joliet, 1/finois. 

• 2003 and 2004/Pre/iminary Site Investigations by Waste Technology, Inc. (WT/) 

for USS. WTI conducted a preliminary site investigation in 2003 for USS that included 

excavation of sixteen soil test pits, installation of four monitoring wells, soil and 

groundwater sampling, and analytical testing. The results of the preliminary 

investigation are presented in a November 2003 report titled Phase I Environmental 

Investigation. WTI conducted a second site investigation in 2004 that included 

additional soil test pits, soil sampling, and analytical testing. The findings of the second 

investigation performed by WTI are presented in a May 2004 report titled Phase If 

Environmental Investigation. 

• 2004/Expanded Site investigation (ESI) by /EPA. The results are presented in the 

September 23, 2004 report titled CERCLA Expanded Site Inspection. This 

investigation included soil, free-phase hydrocarbon, and groundwater sampling and 

analyses and was completed primarily for CERCLA Hazardous Ranking System (HRS) 

purposes and not for Site characterization purposes. 

• 2006 to 2008/Comprehensive Site Investigation (CSI) by Civil & Environmental 

Consultants, Inc. (CEC) for USS. The CSI was performed in two phases to verify and 

supplement previous work completed by the !EPA and WTI. The Phase I of the CSI 
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commenced in November 2006, while the Phase II portions of the CSI were performed 
in November 2007. Additional sampling to supplement the initial investigation and 

provide quarterly groundwater data was completed in February 2008 and May 2008. 
CSI activities included the collection of soil and groundwater samples for chemical 

analyses. 

o Collection of surface soil samples from 58 surface grid locations and 

subsurface soil samples from 82 soil borings. Soil borings were advanced to 
the bedrock surface at all locations through overburden fill consisting of silty 

sands, gravels, slag, and mill scale. 

o Collection of groundwater samples from eight shallow and four deep monitoring 
wells. Data obtained from the wells was used to prepare potentiometric maps, 
which show groundwater flowing in west to southwesterly direction. 

Results of the CSI are presented in the Comprehensive Site Investigation Report 
(CSIR, 2008) and the ROR (URS, 2008). 

• December 2008 and March 2009/Groundwater Sampling by URS Corporation 
(URS) for USS. Groundwater samples were collected from all monitoring wells at the 

Facility for laboratory analyses. Results of analytical data from wells at the 50-acre 
parcel are presented in the Revised Final ROR, dated March 2014 (URS, 2014a). 

• February 2012/Groundwater Gauging by URS for USS. Field activities were 
conducted to measure water levels and observe for the presence/absence of free 

phase materials at all wells at the Facility. Information compiled from these activities is 
presented in the Revised Final ROR (URS, 2014a). 

• 2013/Supp/ementa/ Site Investigation (SS/) by URS for USS. The SSI was 
performed to achieve the following objectives as agreed upon during the November 

13, 2012 meeting between I EPA and USS. 

AECOM 

o Further characterizing the vertical and horizontal extent of soil impacted 

areas, including PCBs, TPH, and polycyclic aromatic hydrocarbons, identified 
in previous investigations. 

o Evaluating if groundwater downgradient of the TPH area is impacted. 

o Evaluating groundwater data collected by IEPA to determine if additional 

sampling is warranted. 

o Evaluating the current groundwater conditions. 
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• 20141 ROR for Three Subareas at the 50-Acre Parcel. 

o The Revised Final ROR (first submi!!ed in October 2008, and subsequently 

revised in April 2012, July 2012, July 2013, and March 2014) was approved on 

May 30, 2014. 

The Addendum to the Revised Remediation Objectives Report (URS, 2014b) 

was submi!!ed to the I EPA on August 20, 2014 to provide information requested 

in IEPA's conditional approval leiter, dated May 30, 2014. The Addendum to the 

Revised Remediation Objectives Report was approved on October 22, 2014. 

o The Revised Final ROR (dated March 2014) and the Addendum to the Revised 

Remediation Objectives Report (dated August 2014) provide documentation to 

support the ROs selected for the Site. 

• 2014/Remedial Action Plan for Three Subareas at the 50-Acre Parcel. 

o An RAP (URS, 2014c), submi!!ed to IEPA on October 13, 2014 was approved 

on November 26, 2014. The RAP describes the cleanup activities to be 

implemented at the Site to meet the ROs. 

2.3 Remedial Approach 

This section presents the remedial approach that will be implemented to address PCB 

impacted soil at the Site to meet requirements specified in 40 CFR 761.61 (a)(3). 

• Section 2.3.1 presents the nature of PCB detected in soil at the Site. 

• Section 2.3.2 presents the procedures used to sample PCBs in previous 

investigations. 

• Section 2.3.3 presents the location and extent of PCB impacts identified at the Site. 

• Section 2.3.4 presents a plan for addressing PCB impacts in soil. 

2.3.1 Nature of PCB Impact 

PCBs detected in soil samples are likely to be related to transformers which contained PCBs 

that were used at the Site. It is reported in the Phase I ESA report (Hart Crowser, 2002) that a 

number of transformers were observed during the site visit conducted in 2002 and, according 

to interviews with onsite personnel, transformers have been tested for PCBs and the fluid in 

PCB-containing units had been replaced or the entire units were replaced by September 1997. 

The existing transformers contain less than 50 ppm PCBs. The transformers observed had 

non-PCB labels. 
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2.3.2 PCB Investigation Procedures 

This section presents a summary of the procedures used in previous investigations for the 

sampling and analyses of PCBs. Appendix A presents a summary of PCB analytical data from 

previous investigations. 

• 2003/Preliminary Site Investigations by WTI. Soil and hydraulic oil samples were 

collected by WTI at potential PCB impact locations identified in the Phase I ESA Report 

(Hart Crowser, 2002). Results of this sampling indicated detection of PCBs at 

concentrations greater than 1 mg/kg in the following samples: 

o SS-4, a soil sample obtained from oil-impacted soil located beneath drain valves 

of transformers located immediately south of the former Rod Mills No.1 and No. 

2. 

• Aroclor 1254: 1.4 mg/kg. 

• Aroclor 1260: 3 mglkg. 

o SS-5, a soil sample collected from the same oil-impacted soil area as described 

for SS-4. 

• Aroclor 1254: 0.98 mg!kg. 

• Aroclor 1260: 2.2 mg/kg. 

o RM-1-3, an oily water sample collected in a sub-basement located near the 

middle/south side of Rod Mill No. 3. 

• Aroclor 1248: 7.4 mg/kg 

• Aroclor 1254: 18 mg!kg 

• Aroclor 1260: 6 mg!kg 

• 2004/ES/ by /EPA. Soil and groundwater water samples collected by IEPA were 

analyzed for PCBs. Only one sample (X131, a sludge sample) was reported with total 
PCB concentrations above 1 mg/kg (1.4 mg/kg}. 

• 2006 to 20081 CS/s by CEC for USS. Multiple soil and groundwater samples were 

analyzed for PCBs. 

• 2013/SS/ by URS for USS. Soil samples were collected to characterize PCBs 

detected at SG1 07 in the CSI. Groundwater samples were also collected for PCB 

analyses. 
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This section provides information with respect to locations with total PCB concentrations above 1 

mglkg as shown in Figure 3. Appendix A presents a summary of PCB analytical data from 

previous investigations. 

2.3.3. 1 . Soil Sample Location 

Central Parcel/Remediation Area 8 

As shown in Figure 3, there are six locations near the front entrance (i.e., 8G006, 8G106, 

8G107, 8B207, 8G109, and 8G110) at the Central Parcel with total PCB concentrations 

greater than the TACO Tier 1 ROof 1 mg/kg. 

• 8G006 (0.083-0.167 feet bgs)/ Total PCB concentration: 4.05 mg/kg 

o Aroclor 1248: 2.2 mg/kg 

o Aroclor 1254: 1.5 mg/kg 

o Aroclor 1260: 0.35 mg/kg 

• 8G106 (2 feet bgs)/ Total PCB concentration: 4.05 mg/kg 

o Aroclor 1248: 3.4 mglkg 

o Aroclor 1260: 0.65 mg/kg 

• 8G106 (2-3 feet bgs)/ Total PCB concentration: 3.17 mg/kg 

o Aroclor 1248: 2.6 mg/kg 

o Aroclor 1260: 0.57 mglkg 

• 8G107 (0-0.5 feet bgs)/Total PCB concentration: 41.4 mg/kg 

o Aroclor 1248: 38 mg/kg 

o Aroclor 1260: 3.4J mg/kg ("J"-qualifier indicates reported value is estimated) 

• 8B207 (Advanced by UR8 during the 881 in 2013 to verify PCB concentrations 

reported in a surface sample at 8G107, collected by CEC in 2008 as part of the C81). 

o 8B 207 (0-0.5 feet bgs)/Total PCB concentration: 585 mg/kg 

• Aroclor 1248: 450 mg/kg 

• Aroclor 1254: 100 mg/kg 

• Aroclor 1260: 35J mg/kg 

o SB207 (1.5-2.5 feet bgs)/Total PCB concentration: 2.4 mg/kg 
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• Aroclor 1248: 1.9 mg/kg 

• Aroclor 1254: 0.4 mg/kg 

• Aroclor 1260: 0.17J mg/kg 

• SG109 (0-0.5 feet bgs)!fotal PCB concentration: 2.46 mg/kg 

o Aroclor 1248: 2 mg/kg 

o Aroclor 1260: 0.46 mg/kg 

• SG11 0 (0-0.5 feet bgs)!fotal PCB concentration: 3.8 mg/kg 

o Aroclor 1248: 3.4 mg/kg 

o Aroclor 1260: 0.39 mg/kg 

Central Parcel/Remediation Area 9 

• SG004 (0.167-0.25 feet bgs)!fotal PCB concentration of 2.81 mglkg 

o Aroclor 1254: 0.51 mg/kg and 

o Aroclor 1260: 2.3 mg/kg 

March 2015 
Section 2.0 

• SG102 (0-0.5 feet bgs) (Advanced by CEC in 2007, approximately 10 feet from SG004, 
to confirm the PCB data reported in the sample collected at SG004 in 2006)!fotal PCB 
concentration of 1. 7 mg/kg 

o Aroclor 1260: 1. 7 mg/kg 

During the SSI in 2013, a soil boring SB205 was advanced in the vicinity of SG004 and SG1 02 

to delineate the extent of PCBs at these locations. Aroclor 1260 was detected at 0.07J mg/kg 
in the surface soil sample (0-0.5 feet bgs) collected at SB205 and PCBs were not detected in 

the subsurface soil sample (1.5-2.5 feet bgs) collected at this location. Therefore, the 
horizontal extent of PCBs previously reported at SG004 and SG102 is expected to be limited 
and the vertical extent has been delineated based on data collected at SB205. 

2.3.3.2 Sludge Sample Location 

Aroclor 1254 was detected at 1.4 mg/kg in Sample X131, collected by the IEPA in 2004, as 
part of the ESI, from sludge on the floor in the basement of the #3 Rod Mill building in the 

Central Parcel. When implementing remedial activities, this location (Remediation Area 1 0) 
will be inspected and housekeeping activities will be conducted. Debris on the floor will be 

removed and solids in the adjacent sump will be emptied. All of the debris and solids removed 
from this location will be placed in drums as described in Section 2.6. Samples of removed 

material will be collected for laboratory analyses and wipe sampling may be collected pending 
results of laboratory analyses. Information regarding the management, testing, and off-site 
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disposal of removed material is presented in Section 2.6 and information regarding actions to 

be considered is presented in Section 2.8. 

2.3.4 Remediation Action Implementation 

This section presents remedial procedures designed based on the overall strategy of: 

• Remediating the horizontal and vertical extent of PCB impacts by excavating soil 

impacted by PCB to meet the following ROs. 

o 1 mg/kg for impacted locations at Remediation Area 8. 

o 1 mglkg for impacted locations at Remediation Area 9. 

• Performing housekeeping activities at the previous sample location X131 (Remediation 
Area 10). Debris on the floor and solids form the adjacent sump will be placed in.drums 

and samples will be collected and analyzed for PCBs, as described in Section 2.6. 
Section 2.8 presents procedures to be considered if detected concentrations of PCBs in 

sludge samples exceed 10 mg/kg. 

This section describes the activities and controls to excavate and backfill Remediation Areas 8 

and 9. Remedial action implementation is divided into four discrete tasks: site preparation, site 
control, excavation/backfilling and material handling, and site restoration. These tasks are 

described in detail below. 

2.3.4.1 Site Preparation 

Site preparation is necessary at the Site for implementation of the selected remedial 
technology. Site preparation work will include, but is not limited to, the following: 

• Mobilization of construction equipment and facilities. 

• Installation of temporary construction facilities and controls. 

• Installation of stormwater and erosion control measures. 

• Construction of decontamination pads. 

• Clearing underground utilities in and around the project area through a pre-work on­

site joint utility meeting and a private locating service. 
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Site control is an important element of the remedial action because of the proximity of the work 

to nearby residences and businesses. As such, site security and access, and control 
procedures for dust, odor, and stormwater will be enforced. 

Security and Access 

Temporary fencing may be installed, near the front entrance at Remediation Area 8, to 
supplement existing perimeter fencing in order to control access to the Site during remedial 

action implementation. The temporary fence will be large enough to ensure safe working 
conditions and be covered with fabric to reduce noise and dust or vapor emissions off-site. 

Also, warning signs will be posted on the fence during remedial action. 

The gate at the 927 Collins Street front entrance will be designated for personnel and 

equipment access. This gate is always locked and access control is enforced by personnel 
with a contract security company that provides around the clock security. Only authorized 
personnel will be allowed to enter the Site. They will be allowed to remain on-site only as long 

as necessary to perform their duties. All authorized site workers and visitors will be required to 
sign in upon entry and sign out upon departure. 

Control of Dust, Odor. and Stormwater 

During site activities, control measures typically used at construction sites (e.g., sprinkling the 

ground surface with water) may be implemented to suppress dust If necessary, the 
excavation will be covered with plastic sheeting during non-working hours to control odors. 
Dust control measures will also help to minimize and control odor during the remedial action 

activities. Barricades, such as orange traffic cones will be located outside of the excavation to 
warn personnel that a below grade opening is near. 

A real-time air monitoring program will be implemented as part of the site health and safety 

plan (HASP) to monitor concentrations of PCBs in air samples. Results of this air monitoring 
program will be used to determine the necessity of engineering controls or personal protective 

equipment (PPE) for dust and odor for the protection of field workers. 

In order to control stormwater run-off and erosion from work areas, various erosion and 

stormwater control measures may be installed at the perimeter of the work areas, if warranted. 
Water contained within active work zones and excavations will be pumped to appropriate 

tanks for handling and disposal as investigation-derived waste (lOW). Remediation contractor 
will be required to employ techniques within the work zones to enhance erosion control, 
sedimentation, and control stormwater flow. On-site stormwater drains will be managed to 

avoid runoff from remedial activities. 
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Material excavated during implementation of the remedial action will be disposed at pre­

approved landfills. xcavated soils could potentially be transported to alternate, approved 

landfills based on the space availability and characterization of the wastes. 

• Excavated material with total PCB concentrations greater than 50 mg/kg will be 

disposed of at a TSCA-approved landfill. 

• Excavated material with total PCB concentrations less than 50 mg/kg will be disposed 

of at a permitted, licensed, or registered non-TSCA landfill, pending results of waste 

characterization described in Section 2.6. 

Dewatering 

Table 1 presents a summary of information regarding depth of previous PCB sampling, 

distance to groundwater, and estimated extent of excavation at each PCB-impacted location. 

Dewatering of the excavation may be necessary at locations where impacted material is 

encountered at or close to the groundwater table. Remedial contractors will propose, based on 

field conditions, if dewatering measures will be used to lower the water table to an appropriate 

depth for excavation of source material to occur and for placement of clean fill. 

Water that accumulates in excavations (from groundwater seepage or stormwater after rain 

events) will be removed by creating a low area (sump) within the excavation and using a pump 

to discharge water from low area to tanks. 

The dewatering system will be installed in such a way as to minimize obstructions for 

excavation activities. The removed water will be treated as IDW and be handled and disposed 

of appropriately. 

Slope. Benching. and/or Shoring 

Based on the shallow depth of excavation and the relatively open areas surrounding locations 

with source materials, shoring is not expected to be required to maintain slope stability. 

Excavation 

Prior to initiating excavation activities, underground utilities will be located in and around the 

work area utilizing the Joint Underground Locating Information for Excavators (JULIE). 

Encountered utilities will be supported, rerouted, capped, or worked around in a manner which 

will allow for continued service. 

A truck-mounted backhoe or equivalent equipment will be used to excavate impacted soil. In 

locations where utilities are encountered, alternative excavation equipment (hand digging or 

air knife) may be utilized. 
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o Table 1 presents a summary of information regarding depth of previous PCB sampling, 
distance to groundwater, and estimated extent of excavation at each PCB-impacted 

location. 

o Remediation Area 8 will consist of two excavation areas: 

• Remediation Area SA-- An area, approximately 16 feet long by 16 feet wide 
by 3 feet deep, centered on the location of SB207 (i.e., the location with the 

highest PCB concentrations) and includes SG006 and SG107. 

• Remediation Area 88 --An area, approximately 55 feet long by 15 feet wide 

by 3 feet deep, with the north-south grid axes and the east-west axes 
centered on the location of SG106. Locations SG 109 and SG110 are also 

covered by Remediation Area 88. 

o Remediation Area 9 will consist of an area, approximately 9 feet long by 9 feet 
wide by 2 feet deep, centered on the locations of SG004 and SG1 02 where 
PCB concentrations exceeded 1 mg/kg. 

Locations of the excavations areas are provided on Figure 4. 

Stockpiling 

Excavated soil will be stockpiled for characterization sampling prior to transportation offsite. 
Stockpiles will be covered with polyethylene sheeting to avoid migration of PCBs via run-off after 

rain events or emission of airborne particulates. 

Transportation and Disposal 

Waste transport and disposal will be handled by licensed waste handler. Trucks transporting 
material off-site will be lined and covered, as necessary, for highway travel to the selected 

landfill. The appropriate paperwork (e.g., manifests) for hauling and disposal will accompany 
each load. Disposal certifications will be provided by the disposal contractor following 

acceptance of the waste. 

Decontamination 

All sampling equipment will be decontaminated according to the procedures detailed in Section 
4.4 of the Site quality assurance project plan (QAPP) and Standard Operating Procedure (SOP) 

F501 {Appendix C). All sampling equipment that makes contact with impacted soil will be 
decontaminated before use at another sampling location. All non-dedicated sampling 
equipment, such as sample knives, will also be decontaminated before reuse at another 

location. 

Equipment that comes into contact with potentially impacted material will be decontaminated 
prior to leaving the Site. This includes all equipment entering the Site. All on-road vehicles 
leaving the Site will be inspected and decontaminated as necessary to prevent the spread of 
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. impacted materials off-site. A heavy equipment decontamination area will be constructed to 

collect decontamination water for disposal off-site. 

2.3.4.4 Removal of PCB sludge 

If sludge material is present at X 131, it will be removed to drums following appropriate protocols 

for waste handling, storage, testing, and off-site disposal. The area with sludge will be double 

washed and rinsed in accordance with procedures in Wipe Sampling and Double Wash/Rinse 

Cleanup as Recommended by the Environmental Protection Agency PCB Spill Cleanup Policy 

(US EPA, 1991 ). Wipe sampling will be conducted following the washing/rinsing procedures, as 

discussed in Section 2.4.2. 

2.3.4.5 Site Restoration 

Upon completion of the remedial action activities, the Site will be restored to the current 

surface conditions. Temporary fencing, filter fabrics, decontamination pad, trailer, portable 

toilet, and field equipment will be removed from the Site. Excavated material (e.g., concrete or 

asphalt pavement) will be collected and disposed of off-site as IDW. 

2.4 Verification Sampling 

This section presents the plan developed to verify ROs are met post-excavation. Figure 4 

shows remediation locations. 

For clarity, ROs for PCB areas are tabulated below. 

Central Parcel X131 Remediation Area 10 

2.4.1 Procedures for Verification Sample Collection 

and Section 2.8 for additional 
information. 

Excavation verification samples will be collected as grab samples from the bottom of the 

excavation using stainless-steel trowel and/or spoons, provided that the excavation is safe to 

enter and would not violate applicable Occupation Safety and Health Administration (OSHA) 

regulations. Should the excavation be unsafe to enter (e.g., when the excavation is greater than 

4 feet}, samples will be collected using a decontaminated backhoe bucket. Soil from the bucket 

will be taken using a stainless-steel trowel and/or spoon and then transferred to sample 

containers for analysis. 
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2.4.1.1 Post-Remediation Verification Sampling at Remediation Area 8 

Table 1 shows estimated areal extents and volume for Remediation Area 8. It should be 
noted that areal extents and excavation depth shown are estimated for planning purposes. 

The actual extent of excavation will be determined in the field. 

As indicated in Section 2.3.3.1, although total PCB concentrations at SG006, SG1 06, SG1 07, 
SG109, and SG110 were )Jelow the criterion for PCBs to be considered as source material 

(i.e., 50 mg/kg); these locations will be remediated along with SB207 at Remediation Area 8 

due to their proximity to SB207 (see Figure 3). 

Presented below is a summary of the procedures that will be used to collect verification 
samples at Remediation Area 8. This sampling plan has been designed to meet requirements 

in Subpart 0 of 40 CFR 761 (i.e., 40 CFR 761.280 through 40 CFR 761.298), as specified in 

40 CFR 761.61 (a)(6) for bulk PCB remediation waste: 

• Minimum Number of Samples 

o According to 40 CFR 761.283 (a), a minimum of three samples are required for 

each type of bulk PCB remediation waste at each PCB cleanup waste location. 

o At Remediation Area 8, there are two cleanup areas (i.e., unpaved surface by 
the front entrance to the Site, subdivided into Remediation Areas 8A and 8B) 
and one type of remediation waste (i.e., soil). Therefore, a minimum of six soil 

samples (i.e., a minimum of three samples each from Remediation Areas 8A 

and Area 8B) are required. 

• Selection of Sample Locations 

AECOM 

To reduce the total number of samples to be collected for laboratory analyses, 

composite samples will be collected using procedure as provided in 40 CFR 

761.289(b) .. 

• Remediation Area BA - Presented below are the procedures that will be used 
to select three sample locations at Remediation Area BA, as shown in 

Appendix B-1, Figure 1. 

1. Mark out an area approximately 16 feet long by 16 feet wide, centered 
on the location of SB207 and includes SG 006 and SG1 07. 

2. Overlay the area with a 1 meter (approximately 3.3 feet) square 

sampling grid, based on communication with Jennifer Dodd of USEPA 
on February 26, 2015. 

3. A single sample will be collected from the initial compositing area for 
laboratory analyses by com positing samples from each of the nine grid 
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points, in equal volume increments, by a geologist overseeing the 

excavation. 

4. Subsequent compositing areas form concentric square zones, one grid 

interval wide, around the initial compositing area and around each 

successive subsequent compositing area. Two composite samples will 

be collected from subsequent compositing areas for laboratory analyses 

by compositing samples from eight grid points. 

• Remediation Area 88 -- Presented below are the procedures that will be used 

to select sample locations at Remediation Area 8B, as shown in Appendix B-1, 

Figure 2. 

1. Mark out an area approximately 55 feet long by 15 feet wide, centered 

on the location of SG1 06 and includes SG 109 and SG11 0 to its west 

and east, respectively. 

2. Overlay the area with a 1.5 meter (approximately 5 feet) square 

sampling grid. 

3. An area of inference, as described in 40 CFR 761.283(d) for a 

composite sample is determined by summing the individual areas of 

inference for each of the individual samples combined in the composite. 

As shown in Appendix B-1, Figure 2, the estimated 54 feet by 15 feet 

excavated area can be subdivided into eight inference areas. A 

composite sample, consisting of equal volume increments from each of 

the grid points, will be collected from each area of inference .. 

The verification soil samples from Remediation Area 8 will be analyzed for PCBs. Quality 

control (QC) procedures including duplicate samples and laboratory analytical methods are 

discussed in Section 2.5.4. 

2.4.1.2 Post-Remediation Verification Sampling at Remediation Area 9 

Table 1 shows estimated areal extents and volume for Remediation Area 9. It should be 

noted that areal extents and excavation depth shown are estimated for planning purposes. 

The actual extent of excavation will be determined in the field. 

SG004 and SG102 (Because SG102 is in proximity to SG004 [i.e., approximately 10 feet 

northwest of SG004] are locations with total PCB concentrations greater than the RO of :>1 

mglkg (Figure 3). These two locations will be handled as one excavated area [i.e., 

Remediation Area 9]). 

Presented below are the procedures that will be used to select sample locations at 

Remediation Area 9, as shown in Appendix B-1, Figure 3. 
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o According to 40 CFR 761.283 (a), a minimum of three samples are required for 

each type of bulk PCB remediation waste at each PCB cleanup waste location. 

o At Remediation Area 9, there is one cleanup areas and one type of remediation 

waste {i.e., soil). Therefore, a minimum of three soil samples are required. 

• Selection of Sample Locations 

1. Mark out an area approximately 9 feet long by 9 feet wide, centered on the 
location of SG004 and SG1 02. 

2. Overlay the area with a 0.5 meter (approximately 1.6 feet) square sampling 
grid. 

3. A single sample will be collected from the initial compositing area for laboratory 
analyses by compositing samples from each of the nine grid points, in equal 
volume increments, by a geologist overseeing the excavation. 

4. Subsequent compositing areas form concentric square zones, one grid interval 
wide, around the initial compositing area and around each successive 

subsequent compositing area. Two composite samples will be collected from 
subsequent compositing areas for laboratory analyses by compositing samples 
from eight grid points. 

Verification soil samples will be collected and analyzed for PCBs. QC procedures including 

duplicate samples and laboratory analytical methods are discussed in Section 2.5.4. 

2.4.2 Verification Sampling at Remediation Area 10 
No excavation will be conducted at Remediation Area 10. Information regarding the 
management, testing, and off-site disposal of material to be removed from this area is 

presented in Section 2.6 and information regarding actions to be considered is presented in 
Section 2.8. 

2.5 Procedures for Field Quality Assurance/Quality Control 

Verification soil samples will be collected and handled to assure that data quality standards 
are met and samples collected during the field activities represent the actual field conditions. 

General protocols for sampling, sample handling, storage, chain-of-custody, laboratory, and 
field analysis are described in the QAPP, presented as Appendix B to the approved RAP 
(USS, 2014). Applicable SOPs are included as Appendix C to this work plan. This section 

discusses the following quality assurance/quality control (QNQC) requirements: 

• Field documentation 
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• Decontamination 

• Calibration procedures and frequency 

• QC samples and collection procedures 

• Sample handling procedures 

2.5.1 Field Documentation 
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Information pertinent to the field investigation will be recorded in a bound field logbook. The 

front of the field logbook will be labeled with the following information: 

• Person or organization to whom the book is assigned 

• Book number 

• Project name and number 

• Start date 

• End date 

Data will be recorded in the field logbook in a legible manner. Logbook entries will contain 

accurate and detailed documentation of daily project activities. Entries in the logbook will 

include the following, as applicable: 

• Site identification 

• Site personnel 

• Volume of material excavated 

• Number of trucks hauling material off-site 

• Observation of decontamination Location and description of sampling points 

• References to photographs of the field activities 

• Sample identification number 

• Number of samples collected 

• Date and time of sample collection 

• Reference to sample location map 

• Collector's name 

• Field observation 

• Number of QA/QC samples collected 
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• Field measurements made (e.g., PID/FID readings) 
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• End of the day site walkthrough to check and ensure excavation is secure and safe 

The field logbook will be maintained while investigation related field activities are in progress. 

Photographs may be taken to provide visual evidence of significant items or anomalies. The 

photographs will be referenced appropriately in the field notebook. Following the fieldwork, the 
field logbook will become part of the project file. 

2.5.2 Decontamination 

Prior to initiating soil sampling activities, a decontamination area will be established on-site. 

The sampling equipment will be decontaminated before sampling and between sampling 
events to prevent potential cross-contamination. Sampling equipment will be decontaminated 

between each sampling event using an Alconox (or similar detergent) wash, potable water 
rinse, and distilled water rinse. Additional decontamination procedures may be required (i.e., 

methanol or isopropanol rinse) in the event that tarry or oily materials come into contact with 
the sampling equipment. 

2.5.3 Procedures for Calibration 

Field-testing equipment to be used for analytical determinations at the Site fall into two 
categories: those calibrated by the manufacturers and those calibrated on a scheduled, 

periodic basis. Measuring and testing equipment will be calibrated at prescribed intervals 
and/or prior to use. Field-sampling instrumentation that requires calibration will be calibrated 
at the beginning of each day and when conditions indicate that more frequent calibration is 

required. 

Equipment will be calibrated using reference standards or accepted values of natural physical 
constants. If national standards do not exist, the basis for calibration will be documented. 

Field equipment calibration will be performed as described in the manufacturer's literature for 
each instrument. Equipment that fails calibration or becomes inoperable during use will be 

removed from service and either segregated to prevent inadvertent use or tagged to indicate it 

is out of calibration. 

2.5.4 Procedures for QC Sample Collection 

QC samples, which include trip blanks, field or rinsate blanks, duplicates, and matrix spikes 
will be collected to assess the quality of the data resulting from the field sampling and 
analytical program. The following describes the collection procedures, rationale, and 

frequency for each QC sample type. 
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EquipmenUrinsate blanks will be collected to determine the probability of sample 

contamination or cross-contamination from reusable equipment subsequent to their 

decontamination. Equipment blanks are analyte-free reagent water samples that contact 

sampling equipment under field conditions and are analyzed to detect any contamination from 

sampling equipment, cross-contamination from previously collected samples, or contamination 

from conditions during sampling (i.e., airborne contaminants that are not from the waste being 

sampled). The minimum number of required equipmenUrinsate blanks when reusable 

sampling equipment is used is one per every 20 investigative samples, or, if there are fewer 

than 20 samples per matrix, one per matrix. 

2.5.4.2 Field Blanks 

Field blanks will be collected to check for procedural contamination when equipmenUrinsate 

blanks are not collected due to use of disposable sampling equipment. Field blanks are 

analyte-free reagent water transported to the site and transferred into appropriate sample 

containers on-site. The minimum number of required field blanks is one per every 20 

investigative samples; or, if there are fewer than 20 samples per matrix, one per matrix. 

2.5.4.3 Field Duplicates 

Field duplicates will be collected to document precision. The precision resulting from field 

duplicates is a function of the variance of the matrix being sampled, the variance of the 

sampling technique, and the variance of the analytical technique. The minimum number of 

required field duplicates is one per every 20 investigative samples; or, if there are fewer than 

20 samples per matrix, one per matrix. 

2.5.4.4 Matrix Spike/Matrix Spike Duplicate 

Matrix Spike/Matrix Spike Duplicate (MS/MSD) will be collected to document the bias and 

precision of a method. The precision of the method is a variance of the analytical techniques. 

The minimum number of required MS/MSD samples is one per every 20 investigative 

samples; or, if there are fewer than 20 samples per matrix, one per matrix. 

2.5.5 Procedures for Sample Handling 

A brief summary of field sample handling procedures, including numbering, chain-of-custody, 

shipping, and laboratories, is presented below. 

2.5.5.1 Sample Numbering 

Immediately upon collection, each sample bottle will be labeled with an adhesive label and 

affixed with a sample tag. 

Numbering of Verification Soil Samples 

Each soil sample will be given a unique identifier. 
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• The first field of the sample name will consist of "SI," designating samples collected from 

PCB-impacted areas at the Site as part of the self-implemented remediation activities. 

• The first part of the second field will be the sample source code. This will be "RASA" and 

"RA8B" for soil verification samples to be collected at Remediation Areas 8 and "RA9" for 

samples collected at Remediation Area 9. The second part of the second field is a 

double-digit code to denote samples collected from each compositing area. 

• The third field will be the sample matrix code. Surface soil samples, defined as oil 

samples collected from 0-0.5 feet bgs, will be designated as "SS" and subsurface soil 

samples (defined as soil samples collected below 0.5 feet bgs) will be designated as 

"SB". 

• The first part of the fourth field of the sample name will be the sample collection date 

code, which will be an eight-digit number. For example, a sample collected on April 2, 

2015 would have the code 04022015. The second part of the fourth field will be the code 

for QC samples, if collected. 

2.5.5.2 

o When a field duplicate is being taken, an "FD" will follow the date code. 

o When a matrix spike (MS) or matrix spike duplicate (MSD) sample is being taken, 

the sample date will be followed by "MS" or "MSD." 

o When an equipment blank (rinsate) is being taken, an "EBK" will follow the date 

code. 

o When a field blank is being taken, an "FBK" will follow the date code. 

Chain-of-Custody 

Chain-of-custody records will be completed and enclosed in the shipping coolers with the 

appropriate samples. These will designate the transfer of custody and method of shipment. 

2.5.5.3 Sample Shipment 

Samples will be packed so as to protect from breakage and shipped in coolers. Each cooler 

will be sealed with chain-of-custody tape so that any opening of the cooler during shipment will 

be indicated. Ice will be used to maintain a temperature of 4 degrees centigrade (°C). The 

samples will be sent by an overnight carrier or by hand courier to insure delivery to the 

laboratory within 24 hours after collection. 

2.5.5.4 Laboratories 

Soil and wipe samples that have been selected for laboratory analysis will be shipped to a 

National Environmental Laboratory Accreditation Conference (NELAC)-accredited laboratory. 

Samples will be extracted and analyzed in accordance with the following methods, as required 

in 40 CFR 761.292: 
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• Samples will be extracted using SW-846 Method 3500B/3540C or Method 
35008/35508 (USEPA, 1997); and 

• Analyzed for PCB Aroclors using SW-846 Method 8082. 

2.6 Procedures for Managing Investigation-Derived Wastes 

Excavated soil will be stockpiled by Remediation Areas for testing prior to off-site disposal. All 
excess sample material, or fluids (including decontamination water), disposable PPE, and other 
IDW that are potentially contaminated with chemicals, will be placed into drums, tanks or other 
suitable containers for subsequent disposal. Management of IDW is described in SOP F504 in 
Appendix C. 

The disposal of the excavated material and fluids will be in accordance with applicable laws and 
regulations. The method of disposal will be determined after the analytical program is complete 
and the nature of the IDW can be determined. 

Presented below is a summary of the procedures that will be used for sampling IDW for off-site 
disposal: 

• Excavated Soil 

o Excavated soil from Remediation Areas 8 and 9 will be piled, separately, into a 
conical shape. 

o Eight soil samples will be collected from both piles following the procedure in 40 
CFR 761.347(c). Appendix B-2 presents diagrams to illustrate the methodology 
that will be used to select samples from a pile. 

• Used Sample Material and PPE 

o Used sample material (e.g., wipes, absorbent pads) and PPE will be placed in 
drums and disposed off-site along with excavated soil. 

• Liquid Waste Generated 

AECOM 

o Liquid waste generated will include water from the decontamination of 
equipment, water from washing and rinsing Remediation Area 10 prior to wipe 
sample collection, and water-in-fill removed during dewatering activities, if 
necessary. 

o Liquid waste will be containerized, logged, tested, and shipped to an off-site 
hazardous or non-hazardous landfill pending results of waste characterization in 
accordance with 40 CFR 260 through 268. 
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o Material removed from Remediation Area 10 (i.e., debris on the floor and solids 

from adjacent sump) will be containerized and samples will be collected for 

laboratory analyses of total PCBs. In addition, containerized material will be 

logged, tested, and disposed of at an off-site hazardous or non-hazardous landfill 

pending results of waste characterization in accordance with 40 CFR 260 through 

268. 

2.7 Procedures for Internal QC Checks, Audits, and Corrective Action 

Internal audits of field activities will be conducted at least once at the beginning of the verification 

sample collection activities. The audits will be conducted by the QA Officer. 

2.8 Contingency Plan 

2.8.1 Remediation Areas 8 and 9 

The analytical data reported in verification soil samples (Section 2.4.1) will be reviewed to 

determine if PCBs are still present above ROs. 

For Remediation Areas 8 and 9, USS may elect to either: 

1. Continue vertical excavation in initial composite of subsequent areas that exceeded the 

RO and repeat cleanup verification sampling according to Subpart 0; or, 

2. Place a cap over the excavated areas where remediation waste with PCB 

concentrations > 1 ppm and :> 10 ppm remain in place. 

2.8.1.1 Continued Excavation 
PCB analysis for the initial and subsequent composites will be evaluated to determine 

achievement of the ROs. Where exceedances of the ROs are still present, USS will continue 

excavation using the protocols in Subpart 0. If the subsequent excavation is not conducive to 

the 1.5 meter grid interval in 40 CFR 761.283(b), USS will follow 40 CFR 761.283(c) for small 

cleanup sites. 

2.8.1.2 Cap Requirements 
The cap will meet the following requirements: 

• The cap will have a minimum thickness of 10 inches of compacted soil or 6 inches of 

concrete or asphalt, as defined in 40 CFR 761.61 (a)(7), and will be designed and 

constructed as specified in 40 CFR 264.310(a). 

• Deed restriction for maintaining the cap, as specified in 40 CFR 761.61 (a)(8). 
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If results of removed material sampling (Section 2.6) indicate total PCB concentrations 

exceeding 10 mg/kg, USS will complete the following: 

1. Perform double wash/rinse procedures of the surface as provided in Wipe Sampling 

and Double Wash/Rinse Cleanup as Recommended by the Environmental Protection 

Agency PCB Spill Cleanup Policy (US EPA, 1991),. 

2. Conduct wipe sampling in accordance with procedures outlined in USEPA, 1991. 

The need for further action will be evaluated, if wipe test results exceed 10 micrograms per 

100 centimeter square (10 IJg/100 cm2
), a cleanup level established in USEPA, 1991 for high­

and low-concentration spills at indoor commercial areas, 

Each wipe sample, if collected, will be identified using the following identifier: 

• The first field of the sample name will consist of "SI," designating samples collected from 

PCB-impacted areas at the Site as part of the self-implemented remediation activities. 

• The second field will be the sample source code. This will be "RA 1 b" for wipe samples to 

be collected at Remediation Area 10. The second part of the second field is a double­

digit code randomly assigned in the field (and recorded in field notes) for wipe samples 

and QC samples. It should be noted that QC samples will not be explicitly identified in 

sample designation when submitting samples for laboratory analyses, based on 

guidance provided in Wipe Sampling and Double Wash/Rinse Cleanup as 

Recommended by the Environmental Protection Agency PCB Spill Cleanup Policy 

(USEPA, 1991 ). 

• The third field will be the sample matrix code. Wipe samples will be designated as "WP". 

• The fourth field of the sample name will be the sample collection date code, which will be 

an eight-digit number. For example, a sample collected on April 2, 2015 would have the 

code 04022015. The second part of the fourth field will be the left blank because QC 

samples will not be identified when submitting samples to the analy1icallaboratory. 
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A project-specific HASP will be prepared to address planned remedial and soil sampling 

activities to be conducted at the Site. This HASP will be provided to all site workers for review. 

The function of the HASP is to inform personnel of the existing hazards and present methods 

to perform the work in a manner that will prevent the occurrence of an accident or exposure. 

Another function of the HASP is to provide policies and procedures to follow in the event of an 

accident, and to minimize exposures and/or injuries to site personnel. 

All personnel who will be working in the exclusion zone and/or contaminant reduction zone will 

be required to read and understand the contents of the HASP, and sign an agreement to 

comply with the protocols and procedures stated in the HASP. Site safety issues will be 

addressed in an on-site kickoff meeting as well as daily pre-work meetings. 
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This section describes recording and recordkeeping that will be conducted to meet applicable 

requirements by the I EPA and US EPA. 

4.1 !EPA's Requirement 

Within 90 days after the completion of the remedial phase, a Remedial Action Completion 

Report will be submitted for review. Presented below is a preliminary outline of the report, 

prepared to provide information specified in 35 lAC 740.455. It should be noted that this 

outline may be modified to incorporate recordkeeping requirements specified by USEPA, as 

provided in 40 CFR 761.125(c)(5) (see Section 4.2). 

Executive Summary 

1.0 

1 . 1 

1.2 

2.0 

2.1 

2.2 

2.3 

3.0 

3.1 

3.2 

3.3 

3.4 

4.0 

5.0 

Introduction 

Background 

Objectives 

Field Activities 

Filed Activities Conducted 

Remedial Activities Implemented and Performance of Remedial Technology 

Measure taken to Ensure Compliance 

Special Considerations 

Engineer Barriers 

Institutional Controls 

Post-Remedial Monitoring 

Other Conditions 

Results 

Conclusion 

Appendices 

Appendix A References 

Appendix B Data Sources 

Appendix C Environmental Notice Form 

Appendix D Field Logs 
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Appendix E Laboratory Analytical Report 

E-1 Laboratory Analytical Report 

E-2 Accreditation Status of the Analytical Laboratory 

E-3 Certification by an Authorized Agent of the Laboratory 

Appendix F Licensed Professional Engineer Affirmation 

4.2 USEPA's Requirement 

4.2.1 Recording 

USS will complete the following activities, within 60 days of completion of remedial activities, to 

meet requirements as outlined in 40 CFR 761.61 (a)(B)(i). 

• 40 CFR 761.61(a){B)(i)(A) 

Record a notation to the deed to the property that will in perpetuity notify any potential 

buyer of the property: 

o The land has been used for PCB remediation waste disposal and is 

restricted to use as a low occupancy area, as defined in 40 CFR 761.3. 

o Of the existence of the fence or cap, if relevant, and the requirement to 

maintain the fence or cap. 

o The applicable cleanup levels left at the Site, inside the fence, and under 

the cap. 

• 40 CFR 761.61(a)(B)(i)(B) 

Submit a signed certificate to the USEPA Administrator indicate a notation as required 

under 40 CFR 761.61 (a)(B)(i)(A) has been recorded. 

As provided in 40 CFR 761.61 (a)(B)(ii), USS may remove a fence or cap after conducting 

additional cleanup activities and attaining ROs that do not require a fence or cap. 

4.2.2 Recordkeeping 

USS will document information relevant to the cleanup activities as outlined in 40 CFR 

761.125(c)(5) and incorporate information, as appropriate, into the Remedial Action 

Completion Report (Section 4.1 ). 
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USS will implement remedial activities within 30 days of the receipt of approval of this work 

plan. 

The remedial activities are estimated to take approximately three months working during 

normal business hours. This includes site preparation, excavation, backfilling, disposal, and 

site restoration. Work schedule may be adjusted based on field activities, weather conditions, 

and disposal facility business schedules. 
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U,S,G.S, 7,5' TOPOGRAPHIC MAP, JOLIET, ILLINOIS 
DATED: 2009 

0 

N 

A 
1,000 

Feet 

2,000 

SITE LOCATION 

FIGURE 1 

FORMER BIRMINGHAM STEEL CORPORATION 
FACILITY- 50-ACRE PARCEL 

927 COLLINS STREET, JOLIET, ILLINOIS 
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* Base map as presented in Comprehensive Site Investigation Report, 
prepared by Civil & Environmental Consultants, Inc., dated July 3, 2008. 

LEGEND 

---- SITEBOUNDARY 

DRAWING DETAILS 

CURRENT SITE FEATURE 

FENCE 

RETAINING WALL 

BUILDING 

BASE DRAWINGS WAS GENERATED BY G-1 SURVEY INC. 
DATED FEBRUARY 19, 2007. FORMER SITE FEATURE 
LOCATIONS ARE APPROXIMATE AND BASED ON THE MAP 
OF JOLIET WORKS, ILLINOIS STEEL CO. DATED MARCH 1923 
AND U.S.G.S. AERIAL PHOTOS DATES 1939, 1946, 1952, 1978, 
1983, AND 1998. 

SITE BOUNDARY IS BASED ON PARCELS AND LOTS SHOWN 
ON THE 1989 HERITAGE PARK SURVEY PLAT AND SUBJECT 
TO ADJUSTMENT BASED ON MORE RECENT PROPERTY 
TRANSACTIONS. 

THE HORIZONTAL DATUM IS BASED ON THE NORTH 
AMERICAN DATUM OF 1983 (NAD 83) CONVERTED TO 
THE ILLINOIS STATE PLANE COORDINATE SYSTEM 
OF 1983 (ISPC 83). ELEVATIONS ARE BASED ON THE 
NORTH AMERICAN VERTICAL DATUM OF 1988 (NAVD 88). 
BOTH HORIZONTAL AND VERTICAL DATUMS ARE IN U.S. 
SURVEY FEET. THE VERTICAL DATUM IS REFERENCED 
AS FEET ABOVE MEAN SEA LVEL (MSL) IN THE TEXT 
SECTIONS OF THE APPLICATION. 

SITE LAYOUT 

FIGURE2 

FORMER BIRMINGHAM STEEL CORPORATION 
FACILITY- 50-ACRE PARCEL 

927 COl .TJNS STRFF.T J()TJF.T TT .T .TNOJS 

A:COM 





;;;l 
c:l 
r 
m 
Ill 





Table 





Table 1 

Summary of PCB Remediation Areas 

Birmingham Steel Joliet Works 50-Acre Facility, Joliet, Illinois 

Location Estimated Volume 

Sample Remedial 
Sample Remediation Concentration Sample Areal Excavation 

Subarea Location Action Water Table Volume 
Matrix Objective of total PCBs Depth Extents Depth ID 

SB207 Soil 

SG006 Soil 

SG107 Soil 

SG 106 Soil 
Central 
Parcel SG109 Soil 

SG110 Soil 

SG004 Soil 

SG102 Soil 

X1 31 
Sludge on 

Concrete Floor 

bgs: Below Ground Surface. 

mg/kg: Milligram per kilogram. 

NA: Not Appl icable. 

PCB: Polychlorinated Biphenyls. 

yd3
' Cubic Yards. 

Location ID 

Remediation 
Area SA 

Remediation 
Area 8B 

Remediation 
Area 9 

Remediation 
Area 10 

(a) Based on water level at a nearby location (SB205). 

(mg/kg) 

585 

1 mg/kg 
2.4 

4.05 

41.4 

4.05 

1 mg/kg 
3.17 

2.46 

3.8 

2.81 
1 mg/kg 

1.7 

(b) 1.4 

(Feet bgs) (Feet bgs) (Feee) (Feet) (Fee e) 
0 to 0.5 

6 
1.5-2.5 

16 x16 3 768 
0.083-0.167 NA 

0-0.5 NA 

2-2 NA 

2-3 NA 
55 X 15 3 2,475 

0-0.5 NA 

0-0.5 NA 

0.167-0.25 
3 (a) 9x9 2 162 

0-0.5 

NA NA NA NA NA 

Total (Estimated) 

(b) Housekeeping activities will be conducted at Remediation Area 10. Material to be removed from this area (e.g., debris on the floor and solids in adjacent 

sump) will be containerized for off-site disposal. A sample of the removed material will be sent to the laboratory for PCB analysis. USS may perform double 

wash/rinse procedure and subsequent wipe sampling, if concentration of total PCB in the sample of removed material exceeds 10 mg/kg. 

( yd3) 

28 

92 

6 

NA 

126 

I 
I 
I 
I 

"/ / 

ct/ 
c; 

·"-,, 

Table 1 
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Appendix A-1 

Appendix A-2 

Appendix A-3 

Appendix A-4 

Appendix A-5 

Appendix A 

Summary of PCB Data from Previous Investigations 

Data Collected by WTI (2003)/Soil and Oily Water Samples 

Data Collected by IEPA (2004)/Soil and Sludge Samples 

Data Collected by CEC (2006 and 2007) Soil and Groundwater Samples 

Data Collected by URS (2008 and 2009) Groundwater Samples 

Data Collected by URS (2013) Soil and Groundwater Samples 





Appendix A-1 

TABLEA-1 
PCB ANALYTICAL RESULTS 

PRG for PRG for 
Analyte Unit Analytical 

Industrial Soil Residential Soil 
Method 

Polychlorinated Biphenyls (PCB) 
Aroclor-1248 mg/kg 
Aroclor-1254 mg/kg 
Aroclor-1260 mg/kg 
PCB Totai-TCL mq/kq 
D: Sample was diluted prior to analyses. 
J: Concentartion was estimated. 
PRG: Preliminary Remediation Goal 
U; Analy1e not detected. 

1 2 

0.74 0.22 
0.74 0.22 
0.74 0.22 
0.74 0.22 

1 USEPA Region 9 Industrial Soil Preliminary Remediation Goals. 
2 USEPA Region 9 Residential Soil Preliminary Remediation Goals. 
3 Not Analyzed • Broken by the Laboratory 

8082 
8082 
8082 

Page 1 of4 

Sample ID 

Collected Date: 

Lab Sample ID 

12672-29-6 
11097-69-1 
11096-82-5 

1336-36-3 

MF-1 RM-1 3 RM-1-2 

10/13/03 10/2/03 10/13/03 

0310-1333 0310-0672 0310-1332 

1 UD 
1 UD 
1 UD 

1 UD 

11/13/03 
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TABLEA-1 
PCB ANALYTICAL RESULTS 

Analyte Unit 
PRG for 

Industrial Soil 

Polychlorinated Biphenyls (PCB) 
Aroclor-1248 mg/kg 
Aroclor-1254 mg/kg 
Aroclor-1260 mg/kg 
PCB Totai-TCL mg/kg 
D: Sample was diluted prior to analyses. 
J: Concentartion was estimated. 
PRG: Preliminary Remediation Goal 
U; Analyte not detected. 

1 

0.74 
0.74 
0.74 
0.74 

PRG for 
Residential Soil 

2 

0.22 
0.22 
0.22 
0.22 

1 US EPA Region 9 Industrial Soil Preliminary Remediation Goals. 
2 USEPA Region 9 Residential Soil Preliminary Remediation Goals. 
3 Not Analyzed - Broken by the Laboratory 

RM-1-3 
Analytical 

Method 10/17/03 

0310-1717 

8082 7.4 D 
8082 18 D 
8082 6 D 

32 D 

Page 2 of4 

RM-2 SS-3 SS-4 SS-5 

10/2/03 10/2/03 9/30/03 9/30/03 

0310-0673 0310-0669 0310-0465 0310-0466 

1 UD 1 UD 1 UD 
1 UD 1.4 D 0.98 JD 
1 UD 3 D 2.2 D 
1 UD 4.3 D 3.2 D 

11/13/03 
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TABLE A-1 
PCB ANALYTICAL RESULTS 

Analyte Unit 
PRG for 

Industrial Soil 

Polychlorinated Biphenyls (PCB) 

Aroclor-1248 mg/kg 

Aroclor -1254 mg/kg 
Aroclor-1260 mg/kg 

PCB Totai-TCL m~/k~ 
D: Sample was diluted prior to analyses. 
J: Concentartion was estimated. 
PRG: Preliminary Remediation Goal 
U; Analy1e not detected. 

1 

0.74 
0.74 
0.74 
0.74 

PRG for 
Residential Soil 

2 

0.22 
0.22 
0.22 
0.22 

1 USEPA Region 9 Industrial Soil Preliminary Remediation Goals. 
2 USEPA Region 9 Residential Soil Preliminary Remediation Goals. 
3 Not Analyzed - Broken by the Laboratory 

Analytical 
Method 

8082 
8082 
8082 

Page 3 of4 

TP-7-4 

9/30/03 

0310-0456 

1 UD 
1 UD 
1 UD 

1 UD 

TP-8-7 TP-8-0IL TP-9-6 

9/29/03 9/29/03 9/29/03 

0310-0457 0310-0461 0310-0458 

1 UD 1 UD 1 UD 
1 UD 1 UD 1 UD 
1 UD 1 UD 1 UD 

1 UD 1 UD 1 UD 

11/13/03 
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TABLEA-1 
PCB ANALYTICAL RESULTS 

Analyte Unit 
PRG for 

Industrial Soil 

Polychlorinated Biphenyls (PCB) 
Aroclor-1248 mg/kg 
Aroclor-1254 mg/kg 

Aroclor-1260 mg/kg 
PCB Totai-TCL mg/kg 
D: Sample was diluted prior to analyses. 
J: Concentartion was estimated. 
PRG: Preliminary Remediation Goal 
U; Analyte not detected. 

1 

0.74 
0.74 
0.74 
0.74 

PRG for 
Residential Soil 

2 

0.22 
0.22 
0.22 
0.22 

1 USEPA Region 9 Industrial Soil Preliminary Remediation Goals. 
2 USEPA Region 9 Residential Soil Preliminary Remediation Goals. 
3 Not Analyzed - Broken by the Laboratory 
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Analytical 
Method 

8082 
8082 
8082 

TP-10-4 TP-13-8 TP-14-1.5 

9/29/03 9/30/03 9/30/03 

0310-0459 0310-0463 0310-0464 

1 UD 1 UD 1 UD 
1 UD 1 UD 1 UD 
1 UD 1 UD 1 UD 
1 UD 1 UD 1 UD 

11/13/03 





CAS 

Appendix A-2.1 
Table A-2.1 

Summary of IEPA Industrial Worker Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Remediation 
Objectives for 

Industrial Worker 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Remediation 
Objectives for 

Industrial Worker 

X102 
5/4/2004 

X103 
5/4/20()4 

X104 
5/4/20()4 

X105 
514/2004 

X106 
5/4/2004 

X107 
5{4/2004 

X108 
5/3/2004 

X109 
5/4/2004 

X110 
5/4/2004 

TableA-2.1 
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Parameter CAS Units 

PCBS 
Aroclor 1016 12674112 m• 
Aroc1or 1221 11104282 m• 
Aroclor 1232 11141165 m 
Aroclor 1242 53469219 m lk 
Aroclor1248 12672296 m /k 
Aroclor1254 11097691 m lk 
Aroclor 1260 11096825 m /k 
Pol chlorinated Bi hen s, Total 1336363 m /k 

Appendix A~2.1 
TableA-2.1 

Summary of IEPA Industrial Worker Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Background (a) 

NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 

Tler1 Soil 
Remediation 

Objectives for 
Industrial Worker 

Former Birmingham Steel Corporation 
50~acre Joliet Works Facility 

Joliet, Illinois 

Tier1 Soli 
Remediation 

X110A X111 
Objectives for 

Industrial Worller 
5/412004 5/5/2004 

lnaestlon Route Cbl Inhalation Route fb 
Sample Ti e 

Sample lrJtlll'Val 2· 2 
,_, 

1 NV 0.045 UJ 0.046 u 
1 NV 0.092 UJ 0.094 u 
1 NV 0.045 UJ 0.046 u 
1 NV 0.045 UJ 0.046 u 
1 NV 0.045 UJ 0.046 u 
1 NV 0.045 UJ 0.046 u 
1 NV 0.045 UJ 0.046 u 
1 NV 0.092 u 0.094 u 

X112 X113 
5/6{2004 51512004 

,_, ••• 
0.05 u 0.41 u 
0.1 u 0.82 u 

0.05 u 0.41 u 
0.05 u 0.41 u 
0.05 u 0.41 u 
0.05 u 0.41 u 
0.05 u 0.41 u 
0.1 u 0.82 u 

X114 X116 X117 
5!6!20(14 5{6/2004 5/4/2(1(14 

4·4 ,_, 1 -1.5 

0.035 u 0.4 u 0.039 u 
0.07 u 0.81 u 0.079 u 

0.035 u 0.4 u 0.039 u 
0.035 u 0.4 u 0.039 u 
0.035 u 0.4 u 0.039 u 
0.035 u OA U 0.039 u 
0.035 u 0.4 u 0.039 u 
0.07 u 0.81 u 0.079 u 

X118 
5/4/2(1(14 

4·4 

0.67 u 
1,4 u 

0.67 u 
0.67 u 
0.67 u 
0.67 u 
0.67 u 
1.4 u 

X119 
5!4/2(104 

2-2 

0.037 u 
0.076 u 
0.037 u 
0.037 u 
0.037 u 
0.037 u 
0.037 u 
0.076 u 

TebleA-2.1 
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Parameter CAS Unns 

PCBs 
Aroclor 1016 12874112 m I 
Aroclor 1221 11104282 m!k 
Aroclor 1232 11141165 mlk 
Aroclor 1242 53489219 m /k 
Aroclor 1246 12672296 m /k 
Aroclor 1254 11097691 m!k 
Aroclor 1260 11096825 m!k 
Pol chlorinated Bi hen s Total 1336363 m 

Appendix A-2.1 
Table A-2.1 

Summary of TEPA Industrial Worker Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Background {a) 

NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 

Tier1 Soil 
Remediation 

Objectives for 
Industrial Worker 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soil 
Remediation 

X120 X120 
Objectives for 

Industrial Worker 
5/4/2004 514/2004 

In estlon Route lb\ Inhalation Route b 
Sample Ji e 

Sam /a Interval 2·2 5-5 

1 NV 0.43 u 
1 NV 0.87 u 
1 NV 0.43 u 
1 NV 0.43 u 
1 NV 0.43 u 
1 NV 0.43 u 
1 NV 0.43 u 
1 NV 0.87 u 

X121 X123 
5/3/2004 5/3/2004 

6.5-6.5 3-4 

0.044 UJ 0.39 u 
0.088 UJ 0.8 u 
0.044 UJ 0.39 u 
0.044 UJ 0,39 u 
0.044 UJ 0.39 u 
0.044 UJ 0.39 u 
0.044 UJ 0.39 u 
0.088 UJ o.8 u 

X126 X126A X127 
5/512004 5/5/2004 515/2004 

3.5-3.5 3.5-3.5 2·2 

0.42 u 0.43 u 0.038 u 
0.88 u 0.88 u 0.077 u 
0.42 u 0.43 u 0.038 u 
0.42 u 0.43 u 0.036 u 
0.42 u 0.43 u 0.036 u 
0.42 u 0.43 u 0.038 u 
0.42 u 0.43 u 0.038 u 
0.88 u o.8a u 0.077 u 

X128 
5/312004 

3·4 

0.52 u 
1 u 

0.52 u 
0.52 u 
0,52 u 
0.52 u 
0.52 u 

1 u 

X129 
515/2004 

0.5-0.5 

0.37 u 
0.75 u 
0.37 u 
0.37 u 
0.37 u 
0.37 u 
0.37 u 
o.8 u 
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Parameter CAS Units 

PCBS 
Aroclor 1016 12674112 m• 
Aroclor 1221 11104282 m• 
ArocJor 1232 11141165 m 
Aroclor 1242 53469219 m• 
Aroclor 1248 12672296 m• 
Aroclor 1254 11097691 m lk 
Aroclor 1260 11096825 m /k 
Pol chlorim!led Bi hen Is, Total 1336363 m lk 

Appendix Aw2.1 
Table A·2.1 

Summary of IEPA Industrial Worker Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Background (a) 

NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 

Tiur1 Soil 
Remediation 

Objectives for 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soil 
Remediation 

X130 X131 
Objeetlves for 

5/6/2004 513!2004 
lndustrlel Wo~~~l Industrial Worker 

ingestion Route b inhalation Route {bJ 
Sam tel' e 

Sam fe Interval 5.4-5.4 0-0.5 

1 NV 0.5 u 0.39 u 
1 NV 1 u 0.79 u 
1 NV 0.5 u 0.39 u 
1 NV 0.5 u 0.39 u 
1 NV 0.5 u 0.39 u 
1 NV 0.5 u 1.4 
1 NV 0.5 u 0.39 u 
1 NV 1 u 1.4 

X132 X133 
5{3/2004 516/2004 

0-0.5 5.5-5.5 

0.34 u 0.47 u 
0.69 u 0.95 u 
0.34 u 0.47 u 
0.34 u 0.47 u 
0.34 u 0.47 u 
0.34 J 0.47 u 
0.34 u 0.47 u 
0.34 J 1 u 

X134 X135 X138 
5/6/2004 5/6/2004 5/5/2004 

6.5-6.5 6.5 -6. ,_, 
0.052 u 0.46 u 0.45 u 
0.11 u 0.94 u 0.91 u 

0.052 u 0.46 u 0.45 u 
0.052 u 0.46 u 0.45 u 
0.052 u 0.46 u 0.45 u 
0.052 u 0.46 u 0.45 u 
0.052 u 0.46 u 0.45 u 

0.1 u 0.9 u 0.9 u 

X139 
5/3/2004 

0. 0.25 

0.85 u 
1.7 u 

0.85 u 
0.85 u 
0.85 u 
0.85 u 
0.85 u 
1.7 u 

X140 
5/6/2004 

... 
0.53 u 
1.1 u 

0.53 u 
0.53 u 
0.53 u 
0.53 u 
0.53 u 
1.1 u 

TableA-2.1 
Page 4 of6 



Parameter 

PCBs 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Aroc!or 1248 
Aroclor1254 
Aroclor 1260 
Pol clllorlnated Bi hen Is Total 

Appendix A-2.1 
TableA·2.1 

Summary of IEPA Industrial Worker Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

CAS Units 

12674112 m /k 
11104282 m• 
11141185 m /k 
53469219 m /k 
12672296 m• 
11097691 m 
11096825 m• 
1336363 m• 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tler1 Soli Tier1 Soil 
Remediation Remediation 

Background (a) Objectives for ObJectives for 
Industrial Worker Industrial Worker 

In estion Route b lnllalatlon Route lb 
Sample T e 

Si!mple Interval 

NV 1 NV 
NV 1 NV 
NV 1 NV 
NV 1 NV 
NV 1 NV 
NV 1 NV 
NV 1 NV 
NV 1 NV 

X142 X143 
516/2004 5/5/2004 

,_, ,_, 
0.048 u 0.42 u 
0.096 u 0.85 u 
0.048 u 0.42 u 
0.048 u 0.42 u 
0.048 u 0.42 u 
0.048 u 0.42 u 
0.048 u 0.42 u 

0.1 u 0.9 u 

X144 
5{5{2004 

4.5-4.5 

0.039 u 
0.079 u 
0.039 u 
0.039 u 
0.039 u 
0.039 u 
0.039 

0.1 u 

X145 
5/3/2004 

0-0.5 

0.33 UJ 
0.87 UJ 
0.33 UJ 
0.33 UJ 
0.33 UJ 
0.59 J 
0.33 UJ 
0.59 J 

Table A-2.1 
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Appendix A-2.1 
Table A-2.1 Notes 

Summary of !EPA Industrial Worker Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Notes: 

All units are in milligram per kilogram (mg/kg) 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

(a) Background values are based on concentrations of consfituents In soli In countles within metropolitan statistical areas of Illinois (Appendix A of TACO, Tables G and H) (I PCB, 2013). 

(b) Industrial Worker soil remediation objectives are based on values provided In the Tiered Approach to Corrective Action Objectives (TACO)- Appendix B, Table B (I PCB, 2013}. 

NV: No Value 

FD: FJeld Duplicate Sample 

IEPA: ll~nois Environmen!al Protection Agency 

Parameter Groups 

SVOCs: Semi-volatile Organic Compounds 

PCBs: Polychlorinated Biphenyls 

VOCs: Volatile Organic Compounds 

Qualifiers 

J: The associated numerical value is an estimated quantity. 

U: The chemical was analyzed for, but not detected. The associated numerical value is the reporting limit. 

R: Rejected data. Rejected data were used during the risk evaluating per IE PAs request. 

Bold typeface and no shading Indicates a chemical was not detected, but its reporting limit exceeds the Tier 1 soli remediation objectives for the Industrial Worker for at least one exposure route. 

Yellow shading indicates detected concentration exceeds the Tier 1 soil remediation objectives for the Industrial Worker for the ingestion exposure route. 

·Green shading Indicates detected concentration exceeds the Tier 1 sol! remediation objectives for the Industrial Worker for the inhalation exposure route. 

Blue shading indicates detected concentration exceeds the Tier 1 soli remedlaflon objectives for the lndustriaiWorkerfor both the ingestion and inhalaijon exposure routes. 

Table A-2. 1 Notes 
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Parameter CAS Units 

PCBs 
Aroclor 1016 12674112 mlk 
Aroclor 1221 11104282 m lk 
Aroclor 1232 11141165 m lk 
Aroclor 1242 53469219 m lk 
Aroclor 1248 12672296 m lk 
Aroclor 1254 11097691 m lk 
Aroclor 1260 11096!125 m k 

Appendix A-3.1 
TableA-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soil Remediation 

Background {e) 
Objectives for Industrial 
Worker Ingestion Route 

~) 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soli Remediation 
Objectives for Industrial SB001 SB002 
Worker Inhalation Route 11/612006 11/812006 

(b) 

Sample Type 
Sam /e Interval 4-6 1 ·3 

NV 0.02 u 0.019 u 
NV 0.02 u 0.019 u 
NV 0.02 u 0.019 u 
NV 0.02 u 0.019 u 
NV 0.02 u 0.019 u 
NV 0.02 u 0.019 u 
NV 0.02 u 0.019 u 

SB003 SB003 
1118/2006 11/8/2006 

0. 0.5 7-9 

0.019 u 0.021 u 
0.019 u 0.021 u 
0.019 u 0.021 u 
0.019 u 0.021 u 
0.019 u 0.021 u 
O.D19 U 0.021 u 
0.048 0.021 u 

58004 58004 
11/17/2006 1118/2006 

0-0.5 5-7 

0.04 u O.D18 U 
0.04 u O.D18 U 
0.04 u O.D18 U 
0.04 u O.D18 U 

0.26 0.018 u 
0.27 O.D18 U 
0.21 0.052 

SB005 
11/8/2006 

3 _, 

0.023 u 
0.023 u 
0.023 u 
0.023 u 
0.18 

0.083 
0.084 

58006 
11/17/2006 

0 ·0.5 

0.017 u 
0.017 u 
0.017 u 
0.017 u 
0.057 
0.043 
0.04 

TablaA·3.1 
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Parameter CAS Units 

PCBs 
Amdor 1016 12674112 m> 
Amclor 1221 11104282 m> 
Aroclor 1232 11141165 m> 
Aroclor 1242 53489219 m> 
Aroclor 1248 12672296 m> 
Aroclor 1254 11097691 m 
Aroclor 1260 11096825 m k 

Appendix A-3.1 
TableA-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soli Remediation 

Background (a) 
Objectlv&s for Industrial 
Worker Ingestion Route ,., 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soil Remediation 
Objectives for lndusll'lal SB006 SB007 
Worker Inhalation Route 11/812006 11/8/2006 

(0) 

Sample Type 
Sample Interval ,_4 ,_4 

NV 0.017 u 0.019 u 
NV 0.017 u 0.019 u 
NV 0.017 u 0.019 u 
NV 0.017 u 0.019 u 
NV 0.14 0.019 u 
NV 0.092 0.019 u 
NV 0.057 0.019 u 

SB008 SB008 
11/1712008 11117/2006 

FO 
D ·0.5 0-0.5 

0.037 u 0.018 u 
0.037 u 0.018 u 
0.037 u O.D18 U 
0.037 u O.D18 U 
0.037 u 0.018 u 
0.037 u 0.018 u 
0.093 0.073 

SB008 SB009 
1118/2006 1118/2006 

'·4 3-5 

0.017 u 0.017 u 
0.017 u 0.017 u 
0.017 u 0.017 u 
0.017 u 0.017 u 
0.017 u 0.017 u 
0.041 0.017 u 
0.017 u 0.017 u 

SB010 
11181201)6 

4-6 

SB011 
1118/2006 

5·7 

Table A-3.1 
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Parameter CAS Units 

PCSs 
Aroclor 1016 12674112 m /k 
Aroclor 1221 11104282 m" 
Aroclor 1232 11141165 m /k 
Aroclor 1242 53469219 m" 
Aroclor 1248 12672296 m /k 
Aroclor 1254 11097691 m /k 
Aroclor 1260 11096825 m• 

Appendix A-3.1 
TableA-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 SoU Remediation 

Background (a) 
Objectives for Industrial 
Worker Ingestion Route 

(b) 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soli Remediation 
Objectives for lndusb"lal SB011 SB012 
Worker Inhalation Route 1118/2008 11/17/2006 

(b) 

Sample Type FD 
Sample Interval 5-7 0-0.5 

NV 
NV 
NV 
NV 
NV 
NV 
NV 

SB012 SB012 
11/17/2006 11/B/2006 

FD 
0-0.5 ,_, 

SB013 SB014 
11/812006 11/8/2006 

4-6 ,_, 
0.019 u 0.02 u 
0.019 u 0.02 u 
0.019 u 0.02 u 
0.019 u 0.02 u 
0.019 u 0.02 u 
0.019 u 0.02 u 
O.D19 U 0.02 u 

SB016 
11(1/2006 

0" 0.5 

0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.046 

SB016 
1117/2006 

1-' 

0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 

0.024 

TsblsA--3.1 
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Parameter CAS Units 

PCBs 
Aroclor 1016 12674112 m• 
Aroclor1221 11104282 m• 
Aroclor 1232 11141165 m• 
Aroctor 1242 53469219 m 
Aroclor 1248 12672296 m 
Aroclor 1254 11097691 m 
Aroctor 1260 11096825 m lk 

Appendix A-3.1 
Table A-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Background (a) 

NV 
NV 
NV 
NV 
NV 
NV 
NV 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tfar 1 Soli Remedlatlo~JTier 1 Soli Remediation 

o••·"'· .... , ,,,,..,,~r··"' ... ,., '"'""'" SB017 SB017 
Worker Ingestion Route Worker Inhalation Route 11117/2006 1111712006 

(b) {b) 

Sam le Type '0 
Sample Interval 0-0.5 0 -0.5 

1 NV 0.019 u 0.019 u 

' NV 0.019 u 0.019 u 
1 NV 0.019 u 0.019 u 
1 NV O.o19 U 0.019 u 
1 NV 0.019 u 0.019 u 
1 NV 0.019 u 0.019 u 
1 NV 0.072 0.047 

SB017 SB018 
111712006 1111312006 

5·6.5 0.5 ·1 

0.021 u O.o19 U 
0.021 u 0.019 u 
0.021 u 0.019 u 
0.021 u 0.019 u 
0.021 u 0.019 u 
0.021 u 0.019 u 
0.024 0.019 u 

$8020 SB020 
1119/2006 1119/2006 

6-8 ,_, 
0.019 u O.Q24 U 
0.019 u 0.024 u 
0.019 u 0.024 u 
0.1119 u 0.024 u 
0.019 u 0.024 u 
O.o19 U 0.024 u 
0.1119 u 0.024 u 

SB023 
11!13/2006 

0.5-1 

0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.1119 u 
0.024 

SB024 
11/8/2006 

'_, 
O.o19 U 
0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.019 u 
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Param&t&r CAS Units 

PCBS 

~ 
Aroclor1016 12674112 
Aroclor1221 11104282 
Aroclor 1232 11141165 
Aroolor 1242 53469219 mlk 
Aroclor 1248 12672296 m lk 
Aroclor 1254 11097691 mlk 
Aroolor 1260 11096825 m /k 

Appendix A-3.1 
TableA-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soli Remediation 

Background (a) 
Objectives for Industrial 
Worker Ingestion Route 

(b) 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tl&r 1 Soli Remediation 
Objectives for Industrial SB024 SB025 
Worker Inhalation Route 1118/2006 111712006 

(b) 

Sample Type FD 
Sample /nlerva/ 1-> 0-0.5 

NV 0.021 u 0.018 u 
NV 0.021 u 0.018 u 
NV 0.021 u O.D18 U 
NV 0.021 u 0.018 u 
NV 0.021 u 0.018 u 
NV 0.021 u 0.018 u 
NV 0.013 J 0.029 

SB025 SB026 
111712006 111712006 

8-10 0-0.5 

0.022 u 0.017 u 
0.022 u 0.017 u 
0.022 u 0.017 u 
0.022 u 0.017 u 
0.022 u 0.017 u 
0.022 u 0.023 
0.022 u 0.016 J 

SB026 SB027 
11nl2006 1117f2006 

.. 5·7 

0.022 u 0.018 u 
0.022 u O.D18 U 
0.022 u 0.018 u 
0.022 u O.D18 U 
0.022 u 0.018 u 
0.022 u 0.018 u 
0.022 u O.D18 U 

SB033 
1117f2006 

·• 
0.028 u 
0.028 u 
0.028 u 
0.028 u 
0.028 u 
0.028 u 
0.028 u 

SB034 
111712006 

,_, 
0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 

0.019 J 
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Parameter CAS Units 

PCBs 
Arodor 1016 126741 12 mQ/I<o 
ArocJor 1221 11104282 mg/kg 

Arodor 1232 11141165 mgll<g 

Arocior 1242 53469219 mg/kg 
Arocior 1248 12672296 moll<o 
Arocior 1254 11097691 moll<o 
Arocior 1260 11096825 moll<o 

Appendix A-3.1 
TableA-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soli Remediation 

Background (a) 
Objectives for lndustrlal 
Worker Ingestion Route 

(b) 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soli Remediation 
Objectives for Industrial SB035 58036 
Worker Inhalation Route 11nl2006 11nl2006 

(b) 

SomJ>IO T;tpo 
Sample lnt.wal 0·2 5.5 ·7.5 

NV 0.02 u 0.02 u 
NV 0.02 u 0.02 u 
NV 0.02 u 0.02 u 
NV 0.02 u 0.02 u 
NV 0.02 u 0.02 u 
NV 0.02 u 0.02 u 
NV 0.02 u 0.02 u 

58037 58037 
1117/2006 11nl2006 

0. 0.5 5 - 9 

0.019 u 0.023 u 
0.019 u 0.023 u 
0.019 u 0.023 u 
0.019 u 0.023 u 
0.019 u 0.023 u 
0.019 u 0.023 u 
0.37 0.023 u 

58038 58039 
11nl2006 1117/2006 

5-9 7.5 ·10 

0.066 u 0.097 u 
0.086 u 0.097 u 
0.066 u 0.097 u 
0.086 u 0.097 u 
0.086 u 0.097 u 
0.086 u 0.097 u 
0.36 0.55 -

58040 
11n12006 

5-9 

0.045 u 
0.045 u 
0.045 u 
0.045 u 
0.045 u 
0.045 u 
0.045_(J_ 

58041 
1117/2006 

0-0.5 

0.34 u 

~~-

0 .34 u 
0.34 u 
0.34 u 
0 .34 u 
0.34 u 
3.9 __ 

TebleA·3.1 
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Param&ler CAS Unlts 

Appendix A·3.1 
Table A--3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Route 
(b) 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

ner 1 Soli Remediation 

(b) 

SB041 
11n/2006 

SB041 
11nt2006 

SB042 
11/10/2006 

58043 
11/6/2006 

SB043 
11/6/2006 

SB044 
11/6/2006 

SB045 
1116/2006 

SB046 
1116/2006 

Table A-3-1 
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Parameter CAS Units 

PCB$ 
Aroclor 1016 12674112 m {kg 

Aroclor 1221 11104262 m lkg 
Atoclor 1232 11141165 m lka 
Atoclor 1242 53469219 /kg mg 
Atoclor 1248 12672296 lko ""' Aroclor 1254 11097691 lko ""' Aroclor 1280 11096825 m<llko 

Appendix A-3.1 
TableA-3.1 

Summary of CEC Soil Analytical Data 

Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soil Remediation 

Background (a) 
Objectives for Industrial 
Worker Ingestion Route 

(b) 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soli Remediation 
Objectives for Industrial SB046 S8047 
Worker Inhalation Route 11/612006 11161200& 

(b) 

Samplo Type 
Sample Interval 5-7.5 5-7.5 

NV 0.019 u 0.022 u 
NV 0.019 u 0.022 u 
NV 0.019 u 0.022 u 
NV 0.019 u 0.022 u 
NV 0.019 u 0.022 u 
NV 0.019 u 0.022 u 
NV 0.019 u 0.022 u 

58048 SB048 
11/612006 11/712006 

FD 
0-0.5 0-0.5 

0.37 u 0.19 u 
0.37 u 0.19 u 
0.37 u 0.19 u 
0.37 u 0.19 u 
0.37 u 0.19 u 
2.9 0.19 u 
0.37 u 2.1 

S8048 SB049 
11/6/2006 11/612006 

7.5-10 7.5-10 

0.024 u 0.018 u 
0.024 u 0.018 u 
0.024 u 0.016 u 
0.024 u O.D18 U 
0.024 u 0.018 u 
0.024 u 0.018 u 
0.024 u 0.018 u 

58050 
11/6/2006 

4·5 

0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.019 u 

59101 
101112007 

5-5.5 
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Parameter CAS Units 

PCBS 
Aroclor 1016 12674112 mlk 
Aroclor 1221 11104282 m lk 
Aroclor 1232 11141165 m /k 
Aroclor 1242 53469219 mlk 
Aroclor 1248 12672298 m /k 
Aroclor 1254 11097691 m lk 
Aroclor 1260 11096825 mlk 

Appendix A-3.1 
TableA-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soli Remediation 

Background {a) 
Objectives for Industrial 
Worker Ingestion Route 

(b) 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soil Remediation 
Objelltlves for Industrial SB102 SB103 
Worker Inhalation Route 1011/2007 10/1/2007 

(b) 

Sample Type 
Sample Interval .5 -7.5 5.' 

NV 
NV 
NV 
NV 
NV 
NV 
NV 

SB104 SB105 
10/1/2007 10/1/2007 

3·4 1 ·2 

SB106 SB107 
1012/2007 10/1/2007 

'·7 ••• 

SB108 
10/2/2007 

•·• 

SB109 
10/212007 

6·7 

TableA.J.1 
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Parameter CAS Units 

PCB• 
Aroolor 1016 12674112 m 
Aroclor 1221 11104282 m'" 
Aroclor 1232 11141165 m k 
Aroclor 1242 53469219 m /k 
Ar0clor1248 12672296 m'" 
Aroclor 1254 11097691 m'" 
Aroclor 1260 11096825 m• 

Appendix A-3.1 
Table A-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soli Remedl:~~tlon 

Background (a) 
Objectives for Indo stria I 
Worker Ingestion Roote 

~) 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soli Remediation 
Objectives for Industrial SB110 SB111 
Worker Inhalation Roote 101212007 101112007 

(b) 

Sample Type 
Sample Interval 6-7 1.5-2 

NV 
NV 
NV 
NV 
NV 
NV 
NV 

SB112 SB113 
10/212007 1012/2007 

6.5-7 6-7 

SB114 SB115 
10/10/2007 10/10/2007 

7-8.5 5-6.5 

58116 
10/10/2007 

7-7.5 

58117 
10/10/2007 

6-7.5 
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Parameter CAS Units 

PCBS 
Aroclor 1016 12674112 m lk 
Aroclor 1221 11104282 m lk 
Aroclor 1232 11141165 m /k 

Aroclor 1242 53469219 m lk 
Aroclor 1248 12672296 ml< 
Aroclor 1254 11097691 ml< 
Aroclor 1260 11096825 m lk 

Appendix A-3.1 
TableA-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soli Remediation 

Background (a} 
Objectives for Industrial 
Worker Ingestion Route 

{b) 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soil Remediation 
Objectives for Industrial 58118 $8119 
Worker Inhalation Route 111/10121107 10/10/2007 

{b) 

Sample Type 
Sample Interval 7-9.5 6.5. 8 

NV 
NV 
NV 
NV 
NV 
NV 
NV 

SB-121 SB-122 
2/1112008 2111/211118 

8·9 8-9 

SB-123 SB-124 
2/111:2008 2/11121108 

8·12 8-9 

SB-125 
211112008 

8-9 

SB-126 
211112008 

8-9 

TableA·3.1 
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Parameter CAS Units 

PCBs 
Aroclor 1016 12674112 mi< 
Aroclor 1221 11104282 m /k 
Aroclor 1232 11141165 m lk 
Aroclor1242 53469219 m> 
Aroclor 1248 12672296 m> 
Aroclor 1254 11097691 m> 
Aroclor 1260 11096825 m> 

Appendix A-3.1 
TableA-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soli Remedletion 

Baekground (a) 
Objeetlves for lndusUlal 
Worker Ingestion Route 

(b) 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soil Remediation 
Objectives for Industrial SB-127 SB1E 
Worker Inhalation Routfl 2111/2008 11/9/2006 

(b) 

Sample Type 
Sample Interval 4 _, ,_, 

NV 0.017 u 
NV 0.017 u 
NV 0.017 u 
NV 0.017 u 
NV 0.017 u 
NV 0.017 u 
NV 0.017 u 

SB1N SB2S 
11/9/2006 11/10/2006 

11 ·12 8-7 

O.D18 U 0.023 u 
0.018 u 0.023 u 
0.018 u 0.023 u 
0.016 u 0.023 u 
0.018 u 0.023 u 
O.G18 U 0.023 u 
O.G18 U 0.023 u 

SB2W SB3N 
11/9/2006 11/10/2006 

4-6 _, 
0.018 u 0.022 u 
0.018 u 0.022 u 
0.018 u 0.022 u 
0.018 u 0.022 u 
0.016 u 0.022 u 
0.018 u 0.022 u 
0.018 u 0.022 u 

SGD01 
11/14/2006 

0.25. 0.5 

0.019 u 
0.019 u 
0.019 u 
O.G19 U 
0.019 u 
O.G19 U 
0.094 

SG002 
11/14/2006 

0.25-0.5 

0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 

0.023 

TableA-3.1 
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Parameter CAS Units 

PCBs 
Aroclor 1016 12674112 m kg . 
Aroclor 1221 11104282 m ka 
Aroclor 1232 11141165 m ka 
Aroclor 1242 53469219 m kg 
Aroclor 1248 12672296 m kg 
An>clor 1254 11097691 m <a 
Aroclor 1260 11096625 mt) <g 

Appendix A-3.1 
TableA-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingest ion and Inhalation Exposure Route for the Indust rial Worker 

Tier 1 Soil Remediation 

Background (a) Objectives for Industrial 
Worker Ingestion Route 

(b) 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soli Rem ediation 

Objective• for lnduetrlal SG003 SG004 
Worker Inhalation Route 11/14/2006 11/14/2006 

(b) 

Sample Type 
Sllmple ln terval 0.25. 0.5 0.167. 0.25 

NV 0.019 u 0.18 u 
NV 0.019 u 0.18 u 
NV 0.019 u 0.18 u 
NV 0.019 u 0.18 u 
NV 0.019 u 0.51 
NV 0.019 u 0.18 u 
NV 0.036 2.3 

SG005 SG006 
11/14/2006 11/14/2006 

0.333 • 0.417 0.083-0.167 

0 .019 u 0.18 u 
0.019 u 0.18 u 
0.019 u 0.18 u 
0.019 u 0.18 u 
0.019 u 2.2 
0.13 1.5 
0.082 0.35 

SG007 SG007 
11/14/2006 11/14/2006 

FD 
-0.5 ·0.5 

0.022 u 0.022 u 
0.022 u 0.022 u 
0.022 u 0.022 u 
0.022 u 0.022 u 
0.022 u 0.022 u 
0.089 0.096 

_0.062 
--- 0.072 

SG008 
11/14/2006 

-0.5 

0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.023 
0.035 

SG008W 
11/14/2006 

0.333 . 0.5 

Table A·3 .1 
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Parameter CAS Units 

Appendix A-3.1 
TableA-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soil Remediation I Tier 1 Soil Remediation 

I 
Objectives for Industrial Objectives for Industrial I SG009 
Worker Ingestion Route Worker Inhalation Rout11 11/16/2006 

N. {b) 

SGDD9E 
11/16/2006 

SG010 
11/16/2006 

SG010E 
11/16/2006 

SG011 
11/15/2006 

SG012 
11/15/2006 

SG012N 
11/15/2006 

SG013 
11115/20[16 

Table A-.3. t 
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Parameter CAS Units 

PCBS 
Aroclor 1016 12674112 m" 
Aroclor 1221 11104282 m lk 
Aroclor 1232 11141165 m /k 
Aroclor 1242 53469219 m" 
Aroclor 1248 12672296 m lk 
Aroclor 1254 11097691 m• 
Aroclor 1260 11096825 m• 

Appendix A·3.1 
TableA-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Sort Remediation 

Background (a) 
Objectlvu for Industrial 
Worker Ingestion Route 

(b) 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soil Rem&dlation 
Objectives for Industrial SG013 SG014 
Worker lnhii~latron Route 11/15/2006 11/15/2006 

(b) 

SampleT' pe FD 
Sample Interval 0.417. 0.583 0.25 ·0.333 

NV 0.018 u 0.091 u 
NV O.G18 U 0.091 u 
NV 0.018 u 0.091 u 
NV 0.018 u 0.091 u 
NV 0.018 u 0.091 u 
NV 0.031 0.29 
NV 0.039 0.3 

SG015 SG015E 
11115/2006 11115/2006 

0.25 ·0.417 0.167. 0.25 

0.018 u 
0.018 u 
0.018 u 
O.Q16 J 
O.o18 U 
0.06 

0.077 

SG016 SG016W SG017 
11/15/2006 11/15/2006 11/15/2006 

0.25· 0.333 0.167 ·0.25 0.25-0.333 

0.017 u 0.018 u 
0.017 u 0.018 u 
0.017 u 0.018 u 
0.017 u 0.018 u 
0.017 u 0.018 u 
0.017 u 0.018 u 
0.017 u 0.032 

SG017 
11/15/2006 

FD 
0.25 ·0.333 

0.018 u 
0.018 u 
0.018 u 
O.D18 U 
O.Q18 U 
O.D18 U 
0.023 
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Param eter CAS Units 

PCBS 
Aroc:Jor 1016 12674112 molko 
Aroc:Jor 1221 11104282 mQ!kg 
Aroc:Jor 1232 11141165 mQ!kg . 
Aroc:Jor 1242 53469219 mQ!kg 
Aroclor 1248 12672296 mgol<g 
Aroclor 1254 11097691 mo/kQ 
Aroc:Jor 1260 11096825 mo/kQ 

Appendix A-3.1 
Table A-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 SoH Remediation 

Background (a) 
Objectives for Industrial 
Worker lngastron Rcute 

(b) 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

Former Birmingham Steel Corporation 
SO·acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soli Remediation 
Objectives for Industrial SG018 SG0185 
Workt r Inhalation Route 11115/2006 11115/2006 

(b) 

St mpl• Typo 
Sample Interval 0.167. 0.25 0.333. 0.417 

NV 0.021 u 
NV 0.021 u 
NV 0.021 u 
NV 0.021 u 
NV 0.021 u 
NV 0.021 u 
NV 0.077 

SG019 SG019 
11/16/2006 11/16/2006 

FD 
0.167. 0.25 0.167. 0.25 

0.19 u 0.039 u 
0.19 u 0.039 u 
0.19 u 0.039 u 
0.19 u 0.039 u 
0.19 u 0.039 u 
0.19 u 0 .039 u 
0.8 0.2 

SG019E SG020 
11116/2006 11/16/2006 

0.167 . 0.25 0.333- 0.417 

O.o18 U 
0.018 u 
0.018 u 
0.018 u 
0.018 u 
0 .018 u 
0.071 

SG021 
11/16/2006 

0.25-0.333 

0.93 u 
0.93 u 
0.93 u 
0.93 u 
0.93 u 
0.93 u 
7.7 

SG021N 
11/16/2006 

0.083- 0.167 
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Parameter CAS Units 

PCBs 
Aroclor 1016 12674112 m• 
Aroclor 1221 11104262 m• 
Aroclor 1232 11141165 m• 
Aroclor 1242 53469219 m• 
Aroclor 1246 12672296 m• 
Aroclor 1254 11097691 m• 
Aroolor 1260 11096625 m• 

Appendix A-3.1 
TableA-3.1 

Summary of CEC Soli Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 SoU Remediation 

Background (a) 
Objectives for Industrial 
Worker lngastlon Route 

(b) 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 SoU Remediation 
Objactlves for Industrial SG022 SG023 
Worker Inhalation Route 11/16/2006 11/16/2006 

(b) 

Sample Type 
Sample Interval 0.25-0.333 0.25-0.333 

NV 0.019 u 0.02 u 
NV 0.019 u 0.02 u 
NV 0.019 u 0.02 u 
NV 0.019 u 0.02 u 
NV 0.019 u 0.02 u 
NV 0.019 u 0.02 u 
NV 0.013 J 0.12 

SG023E SG024 
11/16/2006 11/16/2006 

0.25-0.333 0.333-0.417 

0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 

0.015 J 

SG025 SG025N 
11116/2006 11/16/2006 

0.25. 0.333 0.167-0.25 

0.091 u 
0.091 u 
0.091 u 
0.091 u 
0.091 u 
0.091 u 
0.37 

SG026 
11/16/2006 

0.083-0.167 

0.016 u 
0.016 u 
0.016 u 
0.018 u 
0.018 u 
0.016 u 
0.017 J 

SG026W 
11/16/2006 

0.167-0.25 
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Paramotor CAS Units 

PCBs 
A roc lor 1016 12674112 m kg 
Aroclor 1221 11104282 m /kg 
Aroclor 1232 11141165 /kg mg 
Aroclor 1242 53469219 /kg mg 
Aroclor 1248 12672296 /kg mQ 

Aroclor 1254 11097691 /l<g mQ 

Aroclor 1260 11096825 /kg mQ 

Appendix A-3.1 
Table A-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soli Ingestion a~d Inhalat ion Exposure Route for the Industrial Worker 

Tier 1 Soli Ro'""dlatlon 

Background (a) 
Objectives for Indus trial 
Worker fngesUon Route 

(b) 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tie r 1 Soil Remediation 
Objtctlvts for Indus trial SG101 SG102 
Worker Inhalation Route 10/2/2007 10/112007 

{b) 

Sa mple Type 
Sample Interval 2 0 - 0.5 

NV 0.017 u 0.092 u 
NV 0.017 u 0.092 u 
NV 0.017 u 0.092 u 
NV 0.017 u 0.092 u 
NV 0.017 u 0.092 u 
NV 0.048 0.092 u 
NV 0.047 1.7 

SG103 SG104 
1011/2007 10/1/2007 

0. 0.5 0 ·0.5 

0.018 u 0.017 u 
o.ot8 u 0.017 u 
o.ot8 u 0.017 u 
o.ot8 u 0.017 u 
0.05 0.088 
0.018 u 0.2 
0.082 0.11 

SG105 SG106 
10/1/2007 10/2/2007 

0. 0.5 2 

0.018 u 0.17 u 
0.018 u 0.17 u 
0.018 u 0.17 u 
0.018 u 0.17 u 
0.15 3.4 
0.018 u 0.17 u 
0.27 0.65 

SG106 
10/2/2007 

3 

0.17 u 
0.17 u 
0.17 u 
0.17 u 
2.6 
0.17 u 

0.57 

SG107 
1011/2007 

0. 0.5 

3.6 u 
3.6 u 
3.6 u 
3.6 u 

31 
3.6 u 
3.4 J 
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Parameter CAS Units 

PCBS 
Aroclor 1016 12674112 mg/kg 
Aroclor 1221 11104282 mg/kg 
Aroclor 1232 11141165 mg/kg 
Aroclor 1242 53469219 mg/kg 
Aroclor 1248 12672296 molko 
Aroclor 1254 11097691 mo/ko 
Aroclor 1260 11096825 mg/kq 

Appendix A-3.1 
Table A-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soli Remediation 

Background (a) 
Objectives for Industrial 
Worker Ingestion Route 

(b) 

NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 
NV 1 

\ 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soli Remediation 
Objectives for Industrial SG108 SG109 
Worker Inhalation Route 10/1/2007 10/1/2007 

(b) 

Sample Type 
Sample lnletval 0-0.5 0-0.5 

NV 0.089 u 0.17 u 
NV 0:089 u 0.17 u 
NV 0.089 u 0.17 u 
NV 0.089 u 0.17 u 
NV 0.52 2 
NV 0.089 u 0.17 u 
NV 0.14 0.46 

SG110 SG111 
10/1/2007 10/2/2007 

0-0.5 2 

0.18 u 0.018 u 
0.18 u 0.018 u 
0.18 u 0.018 u 
0.18 u 0 .018 u 
3.4 0 .018 u 
0.18 u 0.018 u 

0.39 0.015 J 

SG112 SG113 
10/2/2007 10/2/2007 

0-0.5 0-0.5 

0.086 u 0.033 u 
0.086 u 0.033 u 
0.086 u 0.033 u 
0.086 u 0.033 u 
0.086 u 0.033 u 
0.086 u 0.033 u 
0.77 0 .39 

SG114 
10/2/2007 

0-0.5 

0.096 u 
0.096 u 
0.096 u 
0.096 u 
0.096 u 
0.096 u 
1.4 

SG115 
10/2/2007 

0-0.5 

0.1 u 
0 .1 u 
0.1 u 
0.1 u 
0 .1 u 
0.1 u 

0.15 
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Parameter CAS 

PCBs 
Aroclor 101 6 12674112 
Aroclor 1221 11104282 
Aroclor 1232 11141165 
Aroclor 1242 53469219 
Aroclor 1248 12672296 
Aroclor 1254 11097691 
Aroclor 1260 11096825 

Appendix A-3.1 
TableA-3.1 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Units Background (a) 

maiko NV 
maiko NV 
ma7ka- NV 
maiko NV 
maiko NV 
molka NV 
molka NV 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Jol iet, Illinois 

Tier 1 Soli Remediation Tier 1 Soli Remediation 
Objectives for Industrial Objectives for Industrial 
Worker Ingestion Route Worker Inha lation Route 

(b) (b) 

SamDieTVoe 
Samole Interval 

1 NV 
1 NV 
1 NV 
1 NV 
1 NV 
1 NV 
1 NV 

SG118 SG117 
10/2/2007 10/2/2007 

2.5 0. 0.5 

0.019 u 0.017 u 
0.019 u 0.017 u 
0.019 u 0.017 u 
0.019 u 0.017 u 
0,019 u 0.017 u 
0.019 u 0.16 
0.019 u 0.24 

SG118 SG119 
10/2/2007 1012/2007 

0 · 0.5 0 · 0.5 

0.036 u 0 .35 u 
0.036 u 0.35 u 
0.036 u 0.35 u 
0.036 u 0.35 u 
0.23 0.35 u 
0.52 6.6 
0.39 2.5 

SG120 
10/2/2007 

0 - 0.5 

0.19 u 
0.19 u 
0.19 u 
0.19 u 
1 

0.19 u 
1.5 
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Notes: 

All units are In milligram per kilogram (mg/kg) 

Appendix A-3.1 
Table A-3.1 Notes 

Summary of CEC Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

(a) Background values are based on concentrations of constituents In soil in counties within metropolitan statistical areas of Illinois (Appendix A of TACO, Tables G and H) (I PCB, 2013). 

(b) Industrial Worker soil remediation objectives are based on values provided in the Tiered Approach to Corrective Action Objectives (TACO)- Appendix B, Table 8 (I PCB, 2013). 

NV: No Value 

FD: Field Duplicate Sample 

Parameter Groups 

SVOCs: Semi-volatile Organic Compounds 

PCBs: Polychlorinated Biphenyls 

VOCs: Volatile Organic Compounds 

qualifiers 

J: The associated numerical value Is an estimated quantity. 

U: The chemical was analyzed for, but not detected. The associated numerical value is the reporting l imit. 

R: Rejected data 

Bold typeface and no shading indicates a chemical was not detected, but Its reporting limit exceeds the Tier 1 soil remediation objectives for the Industrial Worker for at least one exposure route. 

Yellow shading Indicates detected concentration exceeds the Tier 1 soli remediation objectives for the Industrial Worker for the Ingestion exposure route. 

Green shading Indicates detected concentration exceeds the Tier 1 soli remediation objectives for the lndustrlaiWorker for the Inhalation exposure route. 

Blue shading indicates detected concentration exceeds the Tier 1 soil remediat ion objectives for the Industrial Worker for both the ingestion and Inhalation exposure routes. 

Table A·3. 1 Notes 
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Parameter 
MW-1010 
2/20/2008 

Appendix A-3.2 
Table A-3.2 

Summary of CEC Groundwater Analytical Data 
Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route 

MW-1010 
5/8/2008 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

MW-1018 
10/22/2007 

MW-1018 
2120/2008 

MW-1018 
5/8/2008 

MW-1020 
2/21/2008 

MW·102D 
5112/2008 

MW-1028 
10/22{2007 

MW-1028 
2126/2008 

MW-1028 
5/9/2008 

MW-1038 
10/25/2007 

MW-1038 
2/25/2008 

TableA-3.2 
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Tier 1 Groundwillter 
Parameter Units Remediation 

Objective (Class I) 

Somple Typo 
PCBs 
Aroclor-1016 moiL 0.0005 
Aroclor-1221 mall 0.0005 
Aroclor-1232 mall 0.0005 
Arocfor-1242 maiL 0.0005 
Aroclor-1248 mgll 0.0005 
Aroclor-1254 I maiL 0.0005 
Aroclor-1260 I maiL 0.0005 
Polvchlorinated blohenvts. Total maiL 0.0005 

Appendix A-3.2 
TableA-3.2 

Summary of CEC Groundwater Analytical Data 
Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route 

MW·103S MW-1035 
212512008 51812008 

FD 

0.00047 u 0.00051 u 
0.00047 u 0.00051 u 
0.00047 u 0.00051 u 
0.00047 u 0.00051 u 
0.00047 u 0.00051 u 
0.00047 u 0.00051 u 
0.00047 u 0.00051 u 

0.00051 u 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

MW·1040 MW-1040 MW·104D MW-1045 
212112008 51912008 51912008 1012312007 

FD 

0.00048 u 0.0005 u 0.00052 u 0.0006 u 
0.00048 u 0 .0005 u 0.00052 u 0.0006 u 
0.00048 u 0.0005 u 0.00052 u 0.0006 u 
0.00077 0.00029 J 0.00018 J 0.0006 u 
0.00048 u 0.0005 u 0.00052 u 0.0006 u 
0.00048 u 0.0005 u 0.00052 u 0.0006 u 
0.00048 u 0.0005 u 0.00052 u 0.0006 u 

0.00029 J 0.00018 J 

MW-1045 MW·1045 
212512008 51912008 

0.0005 u 0.00051 u 
0.0005 u 0.00051 u 
0.0005 u 0.00051 u 
0.0005 u 0.00051 u 
0.0005 u 0.00051 u 
0.0005 u 0.00051 u 
0.0005 u 0.00051 u 

0.00051 u 

MW-1055 MW-1055 
10123/2007 10123/2007 

FD 

0.00047 u 0.0005 u 
0.00047 u 0.0005 u 
0.00047 u 0.0005 u 
0.00047 u 0.0005 u 
0.00047 u 0.0005 u 
0.00047 u 0.0005 u 
0.00047 u 0.0005 u 

MW-1055 
211912008 

0.00048 u 
0.00048 u 
0.00048 u 
0.00048 u 
0.00048 u 
0.00048 u 
0.00048 u 

MW·1055 
5nl2008 

0.0005 I 
0.0005 I 
0.0005 I 
0.0005 I 
0.0005 I 
0.0005 I 
0.0005 I 
0.0005 I 
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Parameter Units I Remediation 
Obj&etlve (Class I) 

Appendix A-3.2 
Table A-3.2 

Summary of CEC Groundwater Analytical Data 
Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route 

MW·1058 
5nf2008 

MW-1078 
10!23/2007 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

MW·1078 
2/20!2008 

MW-1078 
518!2008 

MW-2 
2125!2008 

MW-2 
5!7!2008 

MW~ 

10/23/2007 
MW~ 

2126/2008 
MW~ 

5nf2008 
MW-40 

2/21/2008 
MW-40 

5/13!2008 

Table A-3.2 
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Notes: 
FD: Field Duplicate 
NV: No Value 

Parameter Groups 
PCBs: Polychlorinated Biphenyls 
SVOCs: Semi-volatile Organic Compounds 
VOCs: Volatile Organic Compounds 

Qualifiers 
B: Analyte was detected In the blank sample. 
J: The associated numerical value Is an estimated quantity. 

Appendix A-3.2 
Table A-3.2 Notes 

Summary of CEC Groundwater Analytical Data 
Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

U: Tho chemical was analyzed for, but not detected. The associated numerical value Is the reporting limit. 

Bold typeface and no shading Indicates a chemical was not detected, but its reporting limit exceeds the Tier 1 Groundwater Remediation Objective. 

Yellow shading indicates detected concentration exceeds the Tier 1 Groundwater Remediation Objective. 
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Parameter 
MW-1010 
12{212008 

Appendix A~4 
Table A-4 

Summary of URS Groundwater Analytical Data 

Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route 

MW-1010 
311012009 

MW-1010 
3110/2009 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

MW-101S 
1213/2008 

MW-1020 
1212/2008 

MW-1020 
3110/2009 

MW-102S 
121212008 

MW-103S 
121312008 

MW-1040 
121212008 

MW-1040 
3/10/2009 

MW-104S 
1213/2008 

MW-105S 
121312008 

Table A.<~ 
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Parameter 

Appendix A·4 
TableA·4 

Summary of URS Groundwater Analytical Data 
Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route 

Tier 1 Groundwater 
MW-1075 
12/312008 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

MW-40 
1212/2008 

MW-40 
12!2!2008 

MW~D 

3110/2009 
MW-701$ 
12!312008 

MW-7015 
1213/2008 

MW-7025 
12/3/2008 

MW-7035 
121312008 

TableA.-4 
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Notes: 
FD: Field Duplicate 
NV: No Value 

Parameter Groups 
PCBs: Polychlorinated Biphenyls 
SVOCs: Semi-volatile Organic Compounds 
VOCs: Volatile Organic Compounds 

Qualifiers 
J: The associated numerical value Is an estimated quantity. 

Appendix A-4 
Table A-4 Notes 

Summary of URS Groundwater Analytical Data 
Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

U: The chemical was analyzed for, but not detected. The associated numerical value Is the reporting limit 

Bold typeface and no shading Indicates a chemical was not detected, but Its reporting limit exceeds the Tier 1 Groundwater Remediation Objective. 

Yellow shading indicates detected concentration exceeds the Tier 1 Groundwater Remediation Objective. 
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I Parameter Units Background (a) 

PCBS 
Aroclor 1016 mlk NV 
Aroclor 1221 mlk NV 
Aroclor 1232 mlk NV 
Aroclor 1242 mlk NV 
Aroclor 1248 m /kg NV 
Aroclor 1254 mlk NV 
Aroclor 1260 mlk NV 
Pol chlorinated bi hen Is, Total mlk NV 

Appendix A~5.1 
TableA~5.1 

Summary of URS Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soli Remediation 
Objectives for Industrial 

Worker Ingestion Route (b) 

1 
1 
1 
1 
1 
1 
1 
1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soli Remediation 
S8201-S8-01· S8201-S8·02· Objectives for Industrial 

Worker Inhalation Route (b) 
04042013 04042013 

Sample Type 
Sample Interval 1.5-2.5 5.5. 6.5 

NV 0.019 u 0.019 u 
NV 0.019 u 0.019 u 
NV 0.019 u 0.019 u 
NV 0.019 u 0.019 u 
NV 0.019 u 0.019 u 
NV 0.019 u 0.019 u 
NV 0.019 UJ 0.019 UJ 
NV 0.019 u 0.019 u 

58201-SS· S8202·S8·01· 
04042013 04042013 

0. 0.5 1.5-2.5 

0.018 u 0.02 u 
0.018 u 0.02 u 
O.Q18 U 0.02 u 
0.018 u 0.02 u 
0.018 u 0.02 u 
O.D18 U 0.02 
0.018 UJ 0.026 J 
0.018 u 0.045 

S8202..SB-02- 58202-SS· 
04042013 04042013 

5.5. 6.5 0·0.5 

0.02 u 0.019 u 
0.02 u 0.019 u 
0.02 u O.Q19 U 
0.02 u 0.019 u 
0.02 u 0.019 u 

0.028 0.019 u 
0.032 J 0.019 UJ 

0.056 O.Q19 U 

SB203·S8·01· 
04042013 

1.5 ·2.5 

0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 

0.091 J 
0.091 

TableA-5.1 
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Parameter Units Background (a) 

PCBs 
Aroclor 1 o 16 m~ NV 
Aroclor 1221 m /k NV 
Aroclor 1232 m /k NV 
Aroclor1242 m lk NV 
Aroclor 1248 m /kg NV 
Aroclor 1254 m lk NV 
Aroclor 1260 m lk NV 
Polvchlarinated binhen\IJ!';. Total mo/ko NV 

Appendix A-5.1 
TableA-5.1 

Summary of URS Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Son Remediation 
Objectives for Industrial 

Worker Ingestion Route (bJ 

1 
1 
1 
1 
1 
1 
1 
1 

Former Birmingham Steel Corporation 
50--acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soli Remediation 
58203-58-02-Objectives for Industrial 

Worker Inhalation Route fbJ 
04042013 

Sample T pe 
Sample Interval 3.5-4.5 

NV 0.02 u 
NV 0.02 u 
NV 0.02 u 
NV 0.02 u 
NV 0.02 u 
NV 0.02 u 
NV 0.02 UJ 
NV 0.02 u 

58203-SS- S8205-S8-01-
04042013 04042013 

0- 0.5 1.5-2.5 

0.019 u 0.02 u 
0.019 u 0.02 u 
0.019 u 0.02 u 
0.019 u 0.02 u 
0.019 u 0.02 u 
0.019 u 0.02 u 

0.12 J 0.02 UJ 
0.12 0.02 u 

58205-55- 58208-58-01-
04042013 04042013 

0-0.5 1.5-2.5 

0.018 u 0.018 u 
0.018 u O.Q18 U 
O.D18 U 0.018 u 
O.D18 U O.Q18 U 
O.D18 U 0.018 u 
0.018 u 0.018 u 

0.07 J 0.018 UJ 
0.07 0.018 u 

58206-SB-02-
04042013 

3.5-4.5 

0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.019 UJ 
0.019 lJ 

S8206-55-
04042013 

0-0.5 

0.018 u 
0.018 u 
0.018 u 
0.018 u 
0.018 u 
0.16 

0.1 J 

"" 

Table A-5.1 
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Parameter Units Background (a) 

PCBs 
Aroelor 1016 mg/kg NV 
Aroclor 1221 mg/kg NV 
Aroclor 1232 m~/k~ NV 
Aroclor 1242 m~/k~ NV 
Aroclor 1248 mg/kg NV 
Aroclor 1254 mg/kg NV 
Aroclor 1260 mg/kg NV 
Polychlorinated biphenyls, Total mg/kg NV 

Appendix A-5.1 
Table A-5.1 

Summary of URS Soil Analytical Data 

Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soil Remediation 
Objectives for Indus trial 

Worker Ingestion Route 1•1 

1 
1 
1 
1 
1 
1 
1 
1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soil Remediation 
SB207-SB-01· SB207·SB·02· 

Objectives for Industrial 

Worker Inhalation Route 1"1 
04052013 04052013 

Sample Type 
Sample Interval 1.5. 2.5 4.5-5.5 

NV 0.18 u O.Q18 U 
NV 0.18 u 0.018 u 
NV 0.18 u 0.018 u 
NV 0.18 u 0.018 u 
NV 1.9 0.018 u 
NV 0.4 0.018 u 
NV 0.17 J 0.018 UJ 
NV 2.4 0.018 u 

SB207-SS- SB208-SB-01-
04052013 04042013 

0. 0.5 1.5-2.5 

44 u 0.019 u 
44 u 0.019 u 
44 u 0.019 u 
44 u 0.019 u 

450 0.019 u 
100 0.015 J 

35 J 0.023 J 
585 0.041 

SB208·SB·02· SB208-SS· 
04042013 04042013 

3.5-4.5 0-0.5 

O.Q18 U 0.018 u 
O.Q18 U 0.018 u 
O.ot8 U O.Q18 U 
0.018 u 0.018 u 
0.018 u 0.018 u 
0.018 u 0.015 J 
0.018 UJ 0.024 J 
0.018 u 0.039 

SB208-SS· 
04042013 

FD 
0-0.5 

0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.019 u 
0.019 
0.039 J 

0.056 
--

TableA-5.1 
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Parameter Units Background (a) 

PCBs 
Aroclor 1016 mlk NV 
Aroclor 1221 mlk NV 
Aroclor 1232 mlk NV 
Aroclor 1242 mlk NV 
Aroclor 1248 m/k NV 
Aroclor 1254 m/k NV 
Aroclor 1260 m/k NV 
Polvchlorlnated blohenvls, Total mq/kg NV 

Appendix A-5.1 
Table A-5.1 

Summary of URS Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soli Remediation 
Objectives for Industrial 

Worker Ingestion Route (b) 

1 
1 
1 
1 
1 
1 
1 
1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soil Remediation 
SB209·SB·01· SB209-SB-01-Objectives for Industrial 

Worker Inhalation Route fb) 
04082013 04082013 

Sam le Type FD 
Sample Interval 1.5 -2.5 1.5-2.5 

NV 0.018 u 0.017 u 
NV 0.018 u 0.017 u 
NV 0.018 u 0.017 u 
NV 0.018 u 0.017 u 
NV 0.018 u 0.017 u 
NV 0.018 u 0.017 u 
NV 0.018 UJ 0.017 UJ 
NV 0.016 u 0.017 UJ 

SB209-SB·02-
04082013 

2.5-3.5 

0.019 u 
0.019 u 
0.019 u 
0.019 u 
O.o19 U 
0.019 u 
0.019 UJ 
0.019 UJ 

58209-SS· SB210-SB·01-
04082013 04082013 

0-0.5 1.5-2.5 

0.018 u 0.019 u 
O.D18 U 0.019 u 
O.D18 U 0.019 u 
0.018 u 0.019 u 
O.G18 U 0.019 u 
0.018 u 0.019 u 
O.D18 UJ 0.019 UJ 
0.018 UJ 0.019 UJ 

58210-SB-02-
04082013 

2.5-3.5 

0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 UJ 
0.02 UJ 

58210-SS-
04082013 

0-0.5 

0.017 u 
0.017 u 
0.017 u 
0.017 u 
0.072 
0.012 J 
0.017 U.,; 
0.083 

TableA-5.1 
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Parameter Units Background {a) 

PCBS 
Aroclor 1016 mlk NV 
Aroclor 1221 mlk NV 
Aroclor 1232 m/k NV 
Aroclor 1242 mlk NV 
Aroclor 1248 mlk NV 
Aroclor 1254 m lk NV 
Aroclor 1260 m lk NV 
Pol chlorinated bi hen Is, Total m lk NV 

Appendix A-5.1 
Table A-5.1 

Summary of URS Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soil Remediation 
Objectives for Industrial 

Worker Ingestion Route (l>l 

1 
1 
1 
1 
1 
1 
1 
1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soil Remediation 
ObJectives for Industrial 58211-58-01- SB211-S8-02-

Worker lnhalatfon Route (b) 
04052013 04052013 

Sample Type 
Sample Interval 1.5-2.5 4.5-5.5 

NV 0.017 u 0.018 u 
NV 0.017 u 0,018 u 
NV 0.017 u O.D18 U 
NV 0.017 u 0.018 u 
NV 0.017 u 0.018 u 
NV 0.017 u 0.018 u 
NV 0.017 UJ 0.018 UJ 
NV 0.017 u 0.018 u 

S8211-SS- 58212-58-01-
04052013 04052013 

0-0.5 1.5-2.5 

0.017 u 0.019 u 
0.017 u 0.019 u 
0.017 u 0.019 u 
0.017 u 0.019 u 
0.017 u 0.019 u 
0.025 0.019 u 
0.028 J 0.019 UJ 

0.052 0.019 u 

SB212-5B-02- 58212-55-
04052013 04052013 

4.5-5.5 0-0.5 

0.02 u 0.019 u 
0.02 u 0.019 u 
0.02 u 0.019 u 
0.02 u O.D19 U 
0.02 u 0.019 u 
0.02 u 0.019 u 
0.02 UJ 0.39 J 
0.02 u 0.39 J 

58212-55-
04052013 

FD 
D- 0.5 

0.019 u 
0.019 u 
0.019 u 
0.019 u 
O.D19 U 
0.013 J 
0.021 J 
0.034 J 

Table A-5.1 
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Parameter Units Background (a) 

PCBs 
Aroclor 1016 m lk NV 
Aroclor 1221 m lk NV 
Aroclor 1232 m lk NV 
Aroclor 1242 m lk NV 
Aroclor 1248 mglk NV 
Aroclor 1254 m lk NV 
Aroclor 1260 m /k NV 
Pol chlorinated bi hen Is, Total m /k NV 

Appendix A-5.1 
TableA-5.1 

Summary of URS Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soli Remediation 
Objectives for Industrial 

Worker Ingestion Route {l>) 

1 
1 
1 
1 
1 
1 
1 
1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soli Remediation 
SB213-SB-01-Objectives for Industrial 

Worker Inhalation Route !b) 
04042013 

Sample Type 
Sample Interval 1.5 -2.5 

NV 0.021 u 
NV 0.021 u 
NV 0.021 u 
NV 0.021 u 
NV 0.021 u 
NV 0.021 u 
NV 0.021 UJ 
NV 0.021 u 

S8213-5S- 58214-SB-01- 58214-SB-01· 
04042013 04042013 04042013 

FD 
0-0.5 1.5-2.5 1.5-2.5 

0.021 u 0.018 u 0.019 u 
0.021 u 0.018 u 0.019 u 
0.021 u 0.018 u 0.019 u 
0.021 u 0.018 u 0.019 u 
0.021 u O.D18 U 0.019 u 
0.059 0.018 u 0.019 u 

0.14 J 0.018 UJ O.D19 UJ 
0.19 0.018 u 0.019 u 

SB214-SB-02- 58214-SS-
04042013 04042013 

3.5-4.5 0- 0.5 

0.019 u 0.019 u 
0.019 u 0.019 u 
0.019 u 0.019 u 
0.019 u 0.019 u 
0.019 u O.D19 U 
0.019 u 0.098 
0.019 UJ 0.14 J 
0.019 u 0.24 

SB215-SB-01-
04052013 

1.5-2.5 

0.017 u 
0.017 u 
0.017 u 
0.017 u 
0.06 
0.016 J 
0.013 J 
0.089 

TablaA-5.1 
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Parameter Units Background {a) 

PCBs 
Aroclor 1016 m~ NV 
Aroalor 1221 m lk NV 
Aroctor 1232 m /k NV 
Aroctor 1242 m lk NV 
Aroator 1248 m lk NV 
Aroclor 1254 m lk NV 
Aroalor 1260 m lk NV 
Pot chlorinated bi hen Is, Total m lk NV 

Appendix A~5.1 
Table A~5.1 

Summary of URS Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soli Remediation 
Objectives for Industrial 

Worker Ingestion Route (b) 

1 
1 
1 
1 
1 
1 
1 
1 

Former Birmingham Steel Corporation 
50~acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soli Remediation 
Objectives for Industrial 58215-SB-02· 

Worker Inhalation Route (b) 
04052013 

Sample Type 
Sam le Interval 2.5-3.5 

NV 0.018 u 
NV 0.018 u 
NV 0.018 u 
NV 0.018 u 
NV 0.018 u 
NV 0.016 u 
NV 0.018 UJ 
NV 0.018 u 

58215-SS· 58216-58-01· $8216·58-02· 
04052013 04052013 04052013 

0. 0.5 1.5 -2.5 2.5-3.5 

0.017 u 0.017 u 0.018 u 
0.017 u 0.017 u 0.018 u 
0.017 u 0.017 u 0.018 u 
0.017 u 0.017 u 0.018 u 
0.017 u 0.017 u 0.018 u 

0.0085 J 0.017 u 0.018 u 
0.017 J 0.017 UJ 0.018 UJ 

0.025 0.017 u 0.018 u 

S8216-SS· S8217-S8·01· 
04052013 04052013 

0-0.5 1.5. 2.5 

0.018 u 0.018 u 
0.018 u 0.018 u 
0.018 u 0.018 u 
0.018 u 0.018 u 
0.018 u 0.018 u 
0.018 u 0.018 u 
0.018 UJ 0.018 UJ 
0.018 u 0.016 u 

S8217-SB·02· 
04052013 

4.5. 5.5 

0.02 u 
0.02 u 
0.02 u 
0.02 u 

0.062 
0.065 
0.063 J 
0.2 

TableA-5.1 
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Parameter """' Background {a) 

PCBs 
Aroclor 1016 m/k NV 
Aroclor 1221 m /k NV 
Aroclor 1232 mlk NV 
Aroctor 1242 mlk NV 
Aroclor 1248 mg/k NV 
Aroclor 1254 mlk NV 
Aroclor 1260 mlk NV 
Polychlorinated biphenyls, Tolal mg/kq NV 

Appendix A-5.1 
Table A-5.1 

Summary of URS Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soli Remediation 
Objectives for Industrial 

Worker Ingestion Route lbl 

1 
1 
1 
1 
1 
1 
1 
1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soli Remedlatlon 
58217-SS· 58218-58-01-Objectives for Industrial 

Worker Inhalation Route lbl 
04052013 04052013 

Sample Type 
Sample Interval 0-0.5 1.5-2.5 

NV 0.017 u 0.018 u 
NV 0.017 u O.D18 U 
NV 0.017 u O.D18 U 
NV 0.017 u 0.018 u 
NV 0.017 u O.D18 U 
NV 0.017 u 0.018 u 
NV 0.017 UJ 0.018 UJ 
NV 0.017 u 0.018 u 

58218-SB-02-
04052013 

4-5 

0.017 u 
0.017 u 
0.017 u 
0.017 u 
0.017 u 
0.017 u 
0.017 UJ 
0.017 u 

58218-SS- S8219-S8-01· 
04052013 I _ o4o82o13 

0- o.s 1.5-2.5 

O.D18 U 0.018 u 
0.018 u 0.018 u 
0.018 u O.D18 U 
0.018 u 0.018 u 
0.018 u O.D18 U 
O.D18 U 0.018 u 
O.D18 UJ 0.018 UJ 
0.018 u _o.OtLLIJ_ 

SB219-SB·02-
04082013 

4.5-5.5 

0.019 u 
0.019 u 
0.019 u 
0.019 u 
O.D19 U 
0.019 u 
0.019 UJ 

L..... 0.019 UJ 

58219-SS-
04082013 

0-0.5 

0.019 L 
0.019 L 
O.D19 U 
O.o19 U 

0.11 J 
0.068 J 
0.11 J 
0.28 J 

TableA-5.1 
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Parameter Units Background (a) 

PCBs-
Aroclor 1016 m~ NV 
Aroclor 1221 m~ NV 
Aroclor 1232 mlk NV 
Aroclor 1242 mlk NV 
Aroclor 1248 mlk NV 
Aroclor 1254 mlk NV 
Aroclor 1260 m/k NV 
Pol chlorinated bl hen Is, Total mlk NV 

Appendix A-5.1 
TableA-5.1 

Summary of URS Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soli Remediation 
Objectives for Industrial 

Worker Ingestion Route !bl 

1 
1 
1 
1 
1 
1 
1 
1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soil Remediation 
S8219-5S· $8222-58-01· 

Objectives for Industrial 
Worker Inhalation Route lbJ 

04082013 04082013 

Sample T pe FD 
Sample Interval 0-0.5 1.5 -2.5 

NV 0.019 u 0.02 u 
NV 0.019 u 0.02 u 
NV 0.019 u 0.02 u 
NV 0.019 u 0.02 u 
NV 0.019 UJ 0.02 u 
NV 0.019 UJ 0.02 u 
NV 0.019 UJ 0.02 UJ 
NV 0.019 UJ 0.02 UJ 

58222-$8-02-
04082013 

3.5-4.5 

0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 UJ 
0.02 UJ 

$8222-SS- 58224-58-01-
04082013 04082013 

0-0.5 1.5 -2.5 

0.019 u 0.018 u 
0.019 u O.D18 U 
O.D19 U 0.018 u 
0.019 u O.D18 U 
0.019 u 0.035 
0.019 u 0.029 
0.019 UJ 0.034 J 
0.019 UJ 0.098 

SB224-5B-02-
04082013 

3.5-4.5 

0.017 u 
0.017 u 
0.017 u 
0.017 u 
0.017 u 
0.017 u 
0.017 UJ 
0,017 UJ 

58224-SS· 
04082013 

0-0.5 

0.018 u 
0.018 u 
0.018 u 
0.018 u 
0.018 u 
0.018 u 
0.018 UJ 
0.018 UJ 

TableA-5.1 
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Parameter Units Background {a) 

PCBS 
Aroclor 1016 m /k NV 
Aroclor 1221 m/k NV 
Aroclor 1232 m/k NV 
Aroclor 1242 mlk NV 
Aroclor 1248 m /k NV 
Aroclor 1254 m /k NV 
Aroclor 1260 m /k NV 
Pol chlorinated bi hen Is Total m /k NV 

Appendix A~5.1 
Table A-5.1 

Summary of URS Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Tier 1 Soli Remediation 
Objectives for Industrial 

Worker Ingestion Route (b) 

1 
1 
1 
1 
1 
1 
1 
1 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soli Remediation 
S8226-SB-01· Objectives for Industrial 

Worker Inhalation Route (l>l 
04052013 

Sample Type 
Sample Interval 1.5-2.5 

NV 0.019 u 
NV 0.019 u 
NV 0.019 u 
NV 0.019 u 
NV 0.019 u 
NV 0.014 J 
NV 0.021 J 
NV 0.035 

58226-55· 58227 -SB-01· SB227-SB-01· 
04052013 04052013 04052013 

FD 
0-0.5 1.5-2.5 1.5. 2.5 

0.019 u 0.019 u O.o19 UJ 
0.019 u 0.019 u 0.019 UJ 
0.019 u 0.019 u 0.019 UJ 
0.019 u 0.019 u 0.019 UJ 
0.019 u 0.019 u 0.019 UJ 
0.015 J 0.019 UJ 0.07 J 
0.025 J 0.015 J 0.091 J 
0.04 O.Q15 J 0.16 J 

SB227-SB-02· SB227-SS· 
04052013 04052013 

3-4 0-0.5 

0.02 u 0.018 u 
0.02 u 0.018 u 
0.02 u 0.018 u 
0.02 u 0.018 u 
0.02 u 0,018 u 
0.02 u 0.017 J 
0.02 UJ 0.027 J 
0.02 u 0.043 

58229-SB-01-
04082013 

1.5-2.5 

0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.02 UJ 
0.02 UJ 

TableA-5.1 
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Appendix A-5.1 
Table A-5.1 

Summary of URS Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Parameter Units 

PCBS 
Aroclor 1016 mlk 
Aroclor 1221 mlk 
Aroclor 1232 ml< 
Aroclor 1242 ml< 
Aroclor 1248 m /k 
Aroclor 1254 m /k 
Aroclor 1260 m /k 
Polychlorinated biphenyls, Total mg/kg 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

Tier 1 Soil Remediation Tier 1 Soil Remediation 

Background {a) Objectives for Industrial Objectives for Industrial 
Worker Ingestion Route (b) Worker Inhalation Route (bJ 

Semple Type 
Sample Interval 

NV 1 NV 
NV 1 NV 
NV 1 NV 
NV 1 NV 
NV 1 NV 
NV 1 NV 
NV 1 NV 
NV 1 NV 

58229-58-01- SB229-SS· 
04082013 04082013 

FD 
1.5-2.5 0 ·0.5 

0.018 u 0.018 u 
O.Q18 U 0.018 u 
0.018 u 0.018 u 
0.018 u 0.018 u 
0.018 u 0.018 u 
0.018 u 0.018 u 
O.Q18 UJ 0.018 UJ 
0.018 _UJ ___ O_.Q18 UJ 

Table A~5.1 
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Notes: 
All units are In milligram per kilogram (mg/kg) 

Appendix A-5.1 
Table A-5.1 Notes 

Summary of URS Soil Analytical Data 
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

(a) Background values are based on concentrations of constituents in soil in counties within metropolitan statistical areas of Illinois (Appendix A of TACO, Tables G and H) (!PCB, 2013). 
(b) Industrial Worker soil remediation objectives are based on values provided In the Tiered Approach to Corrective Action Objectives (TACO) - Appendix B, Table B (!PCB, 2013). 
NV: No Value 
FD: Field Duplicate Sample 

Parameter Groups 
SVOCs: Semi-volatile Organic Compounds 
PCBs: Polychlorinated Biphenyls 
VOCs: Volatile Organic Compounds 

qualifiers 
J; The associated numerical value Is an estimated quantity. 
U: The chemical was analyzed for, but not detected. The associated numerical value is the reporting limit. 

Bold typeface and no shading Indicates a chemical was not detected, but Its reporting limit exceeds the Tier 1 soil remediation objectives for the Industrial Worker for at least one exposure route. 

Yellow shading Indicates detected concentration exceeds the Toer 1 soil remediation objectives for the lndustr1a1Worker for the ingestion exposure route. 
Green shading Indicates detected concentration exceeds the Tier 1 soil remediation objectives for the Industrial Worker for the Inhalation exposure route. 
Blue shading indicates detected concentration exceeds the Tler 1 soil remediation objectives for the Industrial Worker for both the ingestion and Inhalation exposure routes. 

Table A-5.1 Notes 
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Parameter 
MW-1 

4112/2013 

Appendix A-5.2 
Table A-5.2 

Summary of URS Groundwater Analytical Data 
Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route 

MW-1010 
4/15/2013 

MW-101S 
4115/2013 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

MW-1015 
4115/2013 

MW-1020 
4/15/2013 

MW-1025 
4115/2013 

MW-1035 
4111/2013 

MW-1040 
411512013 

MW-1045 
4115/2013 

MW-1055 
4111/2013 

MW-1075 
4111/2013 

MW-2 
411112013 

Teble A-5.2 
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Paramo:oto:or 

Appendix: Aw5.2 
TableAw5.2 

Summary of URS Groundwater Analytical Data 
Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route 

Remediation 
Objective (Ciasa I) 

MW·2010 
4112/:2013 

Former Birmingham Steel Corporation 
50-acre Joliet Works FacUlty 

Joliet, illinois 

MW·201S 
4112/2013 

MW-2015 
4112/2013 

MW-2020 
4112/2013 

MW·202S 
4112/2013 

MW~ 

4111/2013 
MW4 

4115/2013 
MW4 

4115/2013 

Table A·5.2 
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Notes: 
FD: Field Duplicate 
NV: No Value 

Parameter Groups 
PCBs: Polychlorinated Biphenyls 
SVOCs: Semi-volatile Organic Compounds 
VOCs: Volatile Organic Compounds 

Qualifiers 
J: The assot:iated numerical value Is an estimated quantity. 

Appendix A~5.2 
Table A~5.2 Notes 

Summary of URS Groundwater Analytical Data 
Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route 

Former Birmingham Steel Corporation 
50-acre Joliet Works Facility 

Joliet, Illinois 

U: The chemical was analyzed for, but not detected. The associated numerical value Is the reporting limit. 

Bold typeface and no shading indicates a chemical was not detected, but its reporting limit exceeds the Tier 1 Groundwater Remediation Objective. 

Yellow shading Indicates detected concentration exceeds the Tier 1 Groundwater Remediation Objective. 

Table A-5.2 Notes 
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PCB Sampling 





Appendix B-1 





:5 
a. 
> 
CD 
0 
UJ 

~ 
:I: 
t) 

Q 
~ 
z 
~ oc 

+2.0 

1.0 

0 

-1.0 

I -2.0 

-2.0 -1.0 0 +1.0 

:~ ~-= .. ;,~ ~ 1 ~~~i.r 1 • -· '~' ~~,"~ ... j_.~ • ••# ~\~ ',~ .~ ~ .. J.,1 ' -t·" ~~-·--..,-~~-r ., ~ .'· . • ·. • j . .. 
- .. v.....u:o .. -..x .. _.... r,u · _,..... ·- .-; .~.- .- '!". • .. ·1 ........ , ....... _ ... t _-·- ~-

• I • I • 

58 207 I • I • • 

SG1071 .... • I • 

5 meters (16.4 feet) 

+2.0 I 

i-< ;:· .. -..;,· --~ . I 
• 4 ' l . I I 

I ·• 
01 I 
3 
CD -CD 

I I I; • 
0) 

0 
~ 

CD' 
CD --

I 
.. , I I 

:• 

O L_------------------------------------------------------------------------------------------------------------------~ 

N 

A 
0 

!!!!!Iii 
Meters 

3 0 3 

Feet 

Legend 

D Initial Com positing Area (Sample 1) 

Subsequent Composltlng Areas 

0 Sample2 

• Sample3 

Proposed Number of Verification 
Samples: 3 Composite Samples 

LOCATIONS FOR VERIFICATION SAMPLING 
REMEDIATION AREA SA 

APPENDIX B-1 
FIGURE 1 
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~''" Preaml>le page 35~11 

Subpart R - Sampling a Conical Pile 
(§761.347) 

Cross Section at r 

r 

Codified 63 FR 35470 

7. Find sampling length (s) by multiplying (1) by a random number 
8. Starting from base (r), find point (s) on length (1) 

&~~9~ Preambt~ page 35412 Codifted63 FR35470 

oL-------------------------------------------------------------~ 
~ Source: 
Q http ://www.epa .g ov/epawaste/haza rd/tsd/pcbs/pubs/g uidance. htm#subpartsampling 

I 
..J 
0.. 

>' 
"' 0 
w 

" (_) 
w 
I 
(_) 

2 

Top View b 

• 

1. Mark center of pile using rod, stake, etc. 
2. Run string from top of center marker to base (b) 
3. Measure circumference (c) from base (b) 

lU.<!<~ Preamble page 3541::! 

5 

Three Dimensional View 

&""' Preamble page 3541~ 

Center of pile 
Circumferem;e 

Codified 63 FR 35470 

Codified 63 FR 35470 

3 

6 

Top View b 

• Center of pile 
Circumference 

4. Find sampling radius (r) by multiplying circumference (c) 
by a random number 

5. Run string from center marker to base at point (r) 
6. Measure length (1) from center marker to base (r) 

"-''"' Preamble page 35412 Codified 63 FR 35470 

Cross Section at r 

_____ r ____ ____ I ____ s_ ------

v t 1------------ ----
r 

Determine the vertical distance (v) by inserting a rod marked in em 
Find sampling depth (t) by multiplying (v) by a random number 
Take sample at point (t) 

)reamble page 35-1.12 Codified 63 F R 354 70 

SAMPLING PCB REMEDIATION WASTE 
FOR OFF-SITE DISPOSAL 

APPENDIX B-2 
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Appendix C 

Standard Operating Procedures 

F1 07 Test Pit and Excavation 

F206 Organic Vapors 

F302 Sample Handling 

F303 Use and Maintenance of Field Logbooks 

F304 QA QC Samples 

F501 Decontamination of Field Equipment and Materials 

F504 IDW Disposal 

F705 General Field Operations 





STANDARD OPERATINGPROCEDURE 
TEST PIT AND TRENCH EXCAVATION 

TABLE OF CONTENTS 

1.0 PUJ!I'OSE 
z.o scoPE 
3.0 DEFINITIONS 
4.0 RESl'ONSffiiLITIES 
5.0 PROCEDURES 

5.1 Te>l Pit Excavation 
5.2 H<olth and S•fel)" Considernti<lns 
5.3 Logging and Swnpling 
5.4 B•cklilling 
5_5 T<st Pit Pmcedun:s 

6.0 QUALTIY ASSURA.''ICE RECORDS 
7.0 REFERENCES 

Page 1 ofS 
SOP Numhcr: USS Fl07 

Effective Date: Octnhcr 2009 

ATTACHEMENT A- OSHA-29 CFR PART 192/i SAFETY AND HEALTH REGULATION'S 
FOR CONstRUCTION, SUBPARTP- EXCAVATIONS 

ATTACHEMENTB- TEST PIT LOG 

Pnge3 of5 
SOPNumber: USSF107 

responsibility of the Proj:ct Manager to veri:JYthat all appmpriat<:docum.enrn (i.e., Test Pit Logs) 
have been completely and correctly filled our by the field inspector 

Field Temn Lend.,. The FieldT earn Leader is responsible for the overall supervision of ail test pit 
Md lrellching activities, Md for "llSm:ing that each test pit is properly and completely legged by the 
field inspe:otor. It also is the responsibility of the Field Team I.ea.fur to ensrm: that all f!eld 
inspectors have been briefed on the;e procedures. 

Field lnsoector-The Fidd Inspector is responsible forthedirtctO\msight oftestpitand trenching 
aCtivities. It is the Field Inspector's responsibility to log eooh test pit, document subsu.-faco 
conditions, complete appropriate forms, and in same cases act as the Excavation Competent 
Pen;on - that is, identicy C~>Cavation hazards and ensure the use of adequate protective systems, 
wolkmethods, and personal protectivecqulpmerrt on site in accordance with excavation regulations 
..-d best management proc:ticcs-bllt onlyiftheFidd lnspcctorh3! l>::en certified as an Excavation 
Competent Person. (The excavation contractor typically provides the Excavation Competent 
Person at test pit and trench excavation work sites.) 

5.0 PROCEDURES 

The procedures for test pit IDes, bo:ilth and safety considerations, samphng, ilrld bm:kfilling = 
disrussod in the following sections. Regulations for trench excavation, including trench si=, are 
gi\-m in the Allgllst 9, 1994 edition of the Federal Reoister 29 CFR Part J926,S~fetyand Heallh 
Regula/ion.< for Construction, Subpart P --Excavations (Attachment A). 

5.1 Jj:&t Pit :md Tc<t Trench Excavation 

Test pits and trenches pennit detailed exploration of the nature and contamination of in-sih.J 
matemls, as\rell Mlhc dtaractcrisfics and stratifiCation ofncnr surfate matecials. ThesizeofdlC 
excavation will depend on: 

Purpose Md intent of the explorntioJL 
Space limi\llrions imposed by site oondi~ons{i.e, pmximityto buildings, utilities, etc.) 
Contaminont; pr<:>ent ond the potential for release to the environment. 
Stability of the materials being excavated 
Capobilities ""d limitations of the o;cavating equipment 

Standard equipment (i.e., backhoe) is readily available to e~-cavatc to depths of up to about 15 feel 
However, larger :md deeper excavations may he required. At times, standord e<jliipmcnt ca11 be 

used to excante dccpcr \h(lll thcir nominal limits by stcppil~g or benching the exc""ation 

1.0 PURPOSE 

Pagc2of5 
SOP Number; USS Flll7 

The purpose of this procedure is to provide general refcn'"ce infonna6un ond technical guidance on 
the e:<cavlltion of e>.Jllomtrny test piu; and test lrellches at the US_ Steel (USS) Gary Works 
Facilily. 

2.0 SCOPE 

Th= pmccdures provide owrnlltcohnical guidance i!lld m<l)' be modified by silc-specific 
requirements for field exploratory trenches and test pits. ConditioruJ which would make trench 
excavation difficult (such as a shallow water tab£), dangcrouo; (p=ce of C"Jllosiw materials or 
underground utilities), or likely to cau•mcmimnmental problems (such as poll>lllial rujltureufburied 
oontainttized wostes) will require modifications to the procedures pre;cntcd ho:rcin and moy 
prevent implcntrntation of the exploratory e>:oavalion program. Consequently, llte lcchniques 
desm"bed herein ore moot applicoblc in ar= oflow apparent contamination and whom potentially 
e>.-plosive materials are not ""-Pcotcd to be present 

3.0 DEFJNITIONS 

Trench-Trench means a merowexcavmion [m relation to its length) made below the surface oftbe 
ground. In genera~ the depth is great.r than the width, but the width of a trench (measured at the 
bottom) is not greater than 15 feet. If furms or other >l!Utun:s am in.talled or constructed in an 
excavation so 25 to reduce the dimension measured liorn. the forms or structure to the ~ide of the 
e><cavlltiun to 15 feet or less (m=n:d at the bottom of the excavation), the e><c3Vllrion is also 
considered to be a tn:nch(dcfinitionfium federalReoi•t.,. Vol. 54 No. 209,August9, 1994,29 
CFR Part 1926, SafetyandHealrh Regula/ion.< for Construe/ion, Subpart P --Excavations) 
(see Attachment A). 

Test Pit- A test pit is a small e:<cavation made below ground surfa::e to cltaract<:rize soil type and 
quality os well rn derennine thct:Y{>es of wastes buried_ In goter31, n lest pit is dug using a backhoe 
with dimm~ons measured as foUows 

Width -Typically one to three backhoe buckern wide (two to ten feet) 
Wgth- Typicalo/fivetotenfectlong (at the bose) 
Depth - Typically to the top of the water tlble, one to two feet below the base of the :fill 

materia~ or ontil tl1e trench becomes unst.i>le aod begins coving 

4.0 RESPONSffiiLITlES 

Proioct Man= - It is the respoll<!bility of the Project Manager to ensure that Held personnel 
responsible for trench and test pit excavations are fumilior with these procedures. It also is the 

5.2 Health nnd Safrn· Con<id<>rations 

Pngc4 d5 
SOP Number: USS Fl07 

All test pit :md lrelloh excavation activities should be conducted under the guidano:e of a project 
spo:ific Health wtd Safety Plan 

The Health and Safety Plan should specify precaotionsto be observedrclativo to possible chemical 
or physical hazards associated with these operations. Chemical hazards may occurfrum direct 
exposure to excavated wastes or inhalation of volatilized materials. Physicalha>ard. includ<lthe 
possible collapse of the treru:h or tr:st pi~ possible injmy llrnmgh violent contaot with excavation 
equipment, or explooion or other forceful reaction UJKln contact with otilities, e>.l"'sed drums, or 
other wastes. Respiratory and personal protective equipment to be worn by on-site personnel 
involved in excavationopcrntion<to mitigote chemical and physical hOl'Mds also should be speciliorl 
in the Heolth and Safety PlruL 

At loca&ons where accoss is not <tSbi.cted, a safety zone should be established ;rround the 
exc<Wlllion Additionally, p<:<romel sh011ld not enter the CXC!!Vation \vithout appropriate 'Mitten 
heolth and safely procedures approved by the E1<Ci!Vation Competent Person Prior written 
approv:d and procedures as specified in lhe Sompling and Analysis Plon and tho project Health ;md 
Sofety Plan orerequirell if entry into the =:ovation is to be considered. Additionally, a Site Health 
and Safety Officer familiar with e:<covatiOils should be on site to direct the en{Iyprocedures. Most 
excavations "-ould be considered "" confuted spm:e entry situatiOJJS, requiring certified confined 
space entry pers=cl. 

5.3 Loggingnnd S:unp!ina 

Test pits ru1dlor trenches should be logged and sampled by lhe Field Inspector. Soils should be 
classified and described in occordanco \vith ASTM D-2487-92 and the procedures given in 
Stmdmrl Operating Procedure ~OP) Fl 0 I. Test Pit Logs (Attachment B) should be legibly 
completed fur all test pits. Samples should only be coUected from material in the equipment bucke~ 
or from the pile of e><CErVa!<:d materials. The e>«<avotion sbould not be entered for the purpose of 
collecting •amplcs without appropriate "riUen hc.tllh and safety procedures opproved by the 
Excavation Competent Pcroon 

5.4 Backfilling 

Backfilling oflrenches ;rnd test pits is anorrnolly a=pted proctice to reduce immediate site h=ds 
lllld minimi"" ~1e potential for rainwater accumulation ru1d subsequent conlamin;rnt migration. 

After inspection and completion of the appropriate tostpit logs, backfill material should be returned 
to the pit under the oversight of the field inspector_ Any hazardous ami/or waste materials which 
an;, nut reh.Jmed to the ex"-'lvation a> bockfill must be oollectcd rutd propc:rly disposed Where it is 
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safe to do ro, the backhoe bucket should be used to compaoteach one to two-footlaye:rofboddill 
as it is placed to reduce future sctlling. 

5.5 Test Pit Proccdu,..,_, 

The following proceduros apply to the =avlltion ll!ld bacldllling of o twical test pit Note thotif a 
!illboontmctor is procured to pcrfonn the test pit opcrntions, the subcontractor must provide an 
equipment OJl'C"'ltor ll!ld a supervisor. 

The positioos of the test pits sbJuld be located in the field by the Field Team Leader. 
Utility cl= shollid be obtained for all test pit locations prior to excavmion. 
Ex<:avmion equipmentsi>Juld be thoroughlydecont.Imimrtedasn=sory,eitherwhen 
moving frrnn one solid waste m:mogement1IIIitkrea of concern to ;mother, orprior to 
and after each test pit eJ<cavation (see SOP 502). 
A safety :mnc should be established around the test pit location prior to initiation of 

Excavmion should commence by removing lifts of no more than approximately 6 to 12 
inches of soil. 
The Field Inspector ..t.oUd log thetest pit soils and roCOld obo;ervations on aT est Pit 
Log. Additionally, the test pitcross-sootion shnD be sketched on the Test Pit Log cill! 
notable features identified. 
If applicable, roil or waste si!Illples should be collected either from the backhoe 
bucket orfrrnn the pile of excavated materials foDowing SOP 105. 
Test pit depths (and water levels)may be measured using"" engincer's rule (six foot) 
or a weighted measuring tape. Depths should bemeao;uredfrom the grnund Sllrface. 
Upon completion, test pit. should be immediotely backlilled "'described in Section 
5.4. 
The test pit locations should be swveyed by a registered land surveyor,surveycl with 
a GPS device, or mcasun:d and referenced !o oearby permanent site structures (ie, 
buildings, curbs, fences, etc.) 

6.0 QUAUTY ASSURANCE RECORDS 

The Quality .Assurnnce Reconls that shouW be prepared indude Test Pit Logs and notalioru; in. the 
FicW Logbook. 

7.0 REFERENCES 

Occupational Safety & HcalthArlministrntim,&ifety and Health Regula/ions for Constmction, 
29 CFR Part 1926, Subpart P - Excavations, 9 August 1994, 
<http://www.oshn.guv/pls/oshaweb/owastarul. 

Regulations (Standards- 29 CFR) 

1926 Subpmt P- :&cavmions 

1926.650- Scope, application, and definitions applicable to this subpart 

1926.651- Specific Excavation Requirements. 

1926.652 - Requirement. for protective systems. 

1926 SubpmtP AppA- Soil Oassification 

1926 Subpmt P App B- Sloping and Benching 

1926 Subpmt P App C • Timber Shoring for Trenches 

1926 Subpmt P App 0 • Almninum Hydrnnlic Shoring for Trenches 

1926 SubpmtP App E- Alternative<! to Timber Shoring 

1926 SubpartP App F- Selection of Protective Systems 

AU1HORITY: Sec. 107, Contract Worker Hours and Safety Standards Act (Construction 
Safety Act) (40 U.S.C. 333); Sees. 4, 6, 8, Orenpationnl Safety and Healtb.Aotofl970 (29 
U.S.C. 6SJ, 655, 651); Secretazy of Labor's OlllerNo. 12-11 (36 FR 8754), 8-76 (41 FR. 
25059), 9-83 (48 FR35736), or l-90 (55 FR9033), as applicable. 

Section 1926.651 also issued under29 CFRPart 1911. 

SOURCE: 54 FR 4:5959, Oct. 31, 1989, unl= othernisenoted. 

!59FR 40no, Aug. 9, 1994] 

1926.650(a) 

Scope ood applicmion. This subpart applies to all open e»cavalions made in the earth's surl"= 
E<.cav:ltions liiQ defined to include trenches 

Defmitions applie:Wlc to this subpart. 

"Accepted engineering pruotices" me:ms those roquircmcnts which are compahble witl1 
standards of prnctice requ;ired by a registered profc!S'ional engineer. 

"Aluminum Hydroulic Shdring" means a pre-engincered shoring system comJHised of aluminum 
hydrlllllic cylinders (cmssbrnccs) used in conjunction "itl1 V!)rtical mils (uprights) or horizontal 
ra.ls (wales). Sucll system' is designed specifically to support the side\\11lls of an excavation and 
prevent cave-ins 

ATTACHMENT A 

OSHA- 29 CFR PART 1926 SAFETY AND HEALTH REGULATIONS FOR 
CONSTRUCilON, SUBPART P - EXCAVATIONS 

"Bell-bottom pier hole" means a typt; of shaft or footing <=ovation, tl1e bottom of which is 
made lrnger than the cross section above tc form a bcUed shape. 

"Benching (lknclling system)" means a method of protecting employees from cave-ins by 
~g the sides of"" exc:Mltion to form one or ascri"" ofhorizontal1evels or steps, usually 
with vertical or near-vertical surfaces between levels. 

"Cave-in" means the scparalirm of a ma<s of soil or rock material frum the side of an 
e:<cavation, or the loss of so~ from under a trench shield or support sy>;Wm, and its Slldden 
movement into die =·lllioo, either by falling or sliding, in sufficient quanti\Y so that it could 
entrnp, bury, or other wise injure and immobilize a person. 

"Competent pernon" means one who is cap:Wie of identifYing e:cisting and predictable bn=ds in 
!he surmurulings, or working conditions which are uns:mit:ny, hazardous, or dangerous to 
employees, and who has authorir.ltion to take prompt oom:ctive meao;ures to eliminate them. 

"Cross braced' mennthehoriZOital members of a shoring system installed ~or to the 
sides of the e~;cnvation, the ends ofwhieh bear against either uprights or""llles. 

"Excavation" means any maJ>omade cut, cavity, trench, or depression in an enrth surface, fonued 
by CZih removal. 

"Faces" or "sides" means the v<:ltical or inclined earth surfoces fmmed as a result of excavation 
work. 

"Failure" m<:ans the breokage, displacement, or permanent deform arion of a structural mmnber 
or connection so as to reduce its stmcturnl integrity and its Sllpportivc cap:Wilitics. 

''Hn<Wdous ahnosphc:n.:" means an !l\nlospllf:re wbicl1 by reason of being explosive, flammable, 
poisonous, corrosive, O>cidizing, initnting, mcygen. deficient, toxic, or o!henvise h;mnfu\, m")' 
""""' dealh, illness, or injury. 

'Kickout" means the accidental relea<e or fnilure of n cross brace. 

"Protective system" means a method of protecting employees from cave-ins, from material th.t 
could fall orrol! fiom an e:<Oava!ion faoc or into an e:<e>tvatioo, or frum the coll"JlSS' of adjacent 
structures. Protective systems include support systems, sloping and benclUng systems, shield 
systems, ll!ld other systems thnt provide the necessary protection, 

"funnp" means an indinod walking or working Sllrface tl111t is used to gain access to one point 
from another,and is constructedfrum earth or :from structuml moterials Sllch as steel or wood. 

"Registered Prof=ional Engineer'' means a person wbo is registered as a professional engin<::cr 
in the state where !he wurk is to be performed. However, a pmfe;o;ionalengineer, registered in 
arry state is deemed to be a "registered pmfc.ssicmal engineer" witl1in the meaning of this 
st3rldord when apprO'Iiug designs for "manufactured protective systems" or "tabulated dam" to 
be used in in!er>la!e commerce 



"Sioccting" m=s lhe members ofa shoring system ~oat retain the carlh in po.;ition ""din tum 
arc Sllpported by olher members of the shoring system.. 

"Shield (Shield system)" means a structure lhat i; ~blc lO wilhstand the for= imposed on it by a 
cave-in and lhorcby pmtoct omplO}'ee5 within !he structure.. Shiekls can be ponn<ment struc!IIms 
or can be design~d to be porbble and moved along as work progre.scs. Additionally, shields 
can be eidoerpremanufactured or job-built in accordance wilh l926.652(cX3) or (c)(4)­
Shields used in trenches are usually n:fcrrcd to as "trench boxes" or "trench shields." 

"Shoring (Shoring sysk:m)" mc.:ms a structure soch as o metal hydraulic, meclo,.,ical or limber 
shoring system that supports the sides of an excavation ruld which is desigiJcd to prevent cave· 

"'· 
"Sidos". Sec "Faces." 

"Sloping (Sloping system)" m= n method of protecting employees from ca•·c-ins by 
excavating to fonn sides of an exrovation that am inctined away from the excavation so as to 
prevent cave-ins.11oc angle of incline required to prevent a cave-in varies wilh diffcn:n""" irl 
such factm as the soil type, eovinmmental conditions of e.>:po=, and applicati011 of sureh:nge 
lo"ds 

"Stable rock"' rueansna!nrnl solid mineral matoriallhot em be excavated with vertical sides and 
wiU remain intact whUe e:~;posed. Unstoble rock is considerod to be stable when the rock 
materiol on the sido or sides of doe exonvation is secured ug'linst caving-in or movement by rock 
bolts or by mmther protective system that has been designed by a registered professional 
cngin.,r. 

"Stmc!nral rnmp" mean< a rnmp built of stccl or wood, usually used for veloicle a=s. Ramps 
mode of soil or rock are not considered struclural ramps. 

"Support syskm" means a structure such as unde:pimring, bracing, or shoring, which provide> 
support to an adjacetit structure, underground installation, or the sides of an excavation. 

"Tabulated data" means tables and charts approved by a registered professional engineer and 
used to de.sign and construct a proto:x:tivc s_;~tem. 

"Trench (french el<C:Ivation)" m= a narrow excavation {in mlalion to its kngth) made below 
the s1nf<>ce of doe ground fu generol, the depth i; greater lhan the widlh, but the width of a 
trench (measured at tho bottom) i; not gmate:r lhan !5 feet (4.6m)_lffrumsorothcrstructums 
arc instailed or constructed in ;m excavation so as to reduce doe dimension mensured from lhe 
fonns or structure to the side of tloe excavation bl !5 feet (4.6 m) or less (measured at the 
bottom. offuc c:«:a-vation), the e=tvotion is also considered to be a trench. 

"Trench box." See "Shield. 

"frmcb shield." See "Shield." 

Access and egress -

1926.65l(c)(l) 

Structurnl rnmps. 

1926.651(c)(l){i) 

Stroc!nral romps that are used solely by employees as " means of access or cgross from 
excavations shall he designed by a competent porson Structm:al rnmps used for access or 
egress of equipment shall 00 designed by a compc\eniJ"'rson qualifiad in structural design, and 
shall be constructed in accordaooo with the desigiJ. 

1926.65l(c)(l)(ii) 

Ramps and rumvay>; constructed of two or more structural members shall have the stmctural 
members connected together to prevent displacement. 

1926.651(c)(1)(iii) 

Shuctural members used for nunps and runw;zys shall be of unifonn thickness. 

1926.65l(c)(1)(iv) 

Deats or othe,- oppmpriate means used to connect runway s!nlctuml members shall be attached 
ta the bottom of lhe ronwey or shall he attached in a munner to prevent tripping. 

.. J916.6Sl(c)(l)(v) 

1926.65l(c)(l)(v) 

Structurnl rnmps used in lieu of steps shall bo provided "ilh cleats or other smface lreotnocnts o 
the top surface to prcvcn.t slipping 

1926.65J(c)(2) 

Means of egress from trench excavations_ A sl;lirway, ladder, rnmp or olhe.r safe me!llls of 
egress shall be located in trench ""cavations that..--. 4 f~t(L22 m) or more in depth so as to 
require no more lh:m 2:'i feet (7.62 m) of late.rol travel for enoployees. 

E>."]Xl51lre to veloicnlar tralToc. Employc:cs e>."]Xlsed to public -.-ehicular traffic shan be provided 
wilh, and sboll W¢(1[, warning veots o,-olher suitable gamoents marked wilh ornoade of 
mfleclori~ or high-~isibilitymaterial 

1926.651(e) 

''Uprights" m= the vertical member:> of n trench shoring system ploced in contact wilh lhe 
eorth !llld nrually positioned so lhat individual members do nut contact each other_ Uprights 
plooed so thot individual members are closely spaced, in contact with or interconnected to ooch 
olher, are often called "sheeting'' 

"Wales" means horizontal mombcrs of a shoring system placo:d pamllel to lhe excavation face 
whose sidos boar against the vertic.1l members of the shoring system or earth 

1926.651(a) 

Snrfoce encumbrances. AU surfooe =mlmmces that are locmcd so as to crcnh> a hazard to 
employees shall be removed or supported, as necessazy, to safeguard employees 

Underground in<tallations. 

1926.115l(b)(l) 

The estimated l<>emion of utility installations, such as sewer, telephone, fuel, electric, wote:r lines, 
or :my other underground install~tions lhat reas011obly may be expected to be encmmtered 
during excavation worl<, sholl be detennined prior to opening nn excavation 

1926.6SHbl(2l 

Utility companies oro'Miers shall be contacted within established or customazy local response 
times, advised oflhc proposed w01k, ond asked to establish lhe looation of the utility 
undeJground installations prior to the st.m of actual =vation. When utility OOIIIponies or 
0\VIlers cannot respond to a request to looato underground utility installations wi~oin 24 hours 
(unless a longer period is required by state or locallEtW), or cannot est!blish the mmctlooation 
of these installalions,the employer may proceed, provided fue employer does so "ifu c:rurion, 
and provided detection equipm•nt or other acceptable means to ktcate utility installations ""' 

""" 
•. 1926.651(b)(3) 

l926.651(b)l3l 

When excavation operations appmw:h the estimated l=tion of underground installations, the 
exact location oflhe installations shall 00 determined by safe and =eptablc means. 

1926.6Sl(b)(4) 

While the =avation is open, underground installations shall 00 protected, supported or 
remowd as necessazy to safeguard employees. 

1926.651(<) 

E>.-posure to falling loads. No employee shall be pcmlitted underneath loads h<mdled by lifting or 
digging equipmenl Employees shall be required to stand away from :my vehicle boing loaded or 
unloaded to avoid being struck by any spillage or fulling materiols. Operators m:;y remain in the 
cabs of vehicles being loaded or unloaded wh<l:l the vehicles are equipped, in occon:lance with 
1926.60!(p)(6), to provide adequate protection for the operator during loOOing and unloading 
operatioos. 

.. 1916.651(/) 

1926.115!10 

Warning system for mobile equipment. 'When mobile equipment is oper:rted adj=t to an· 
excavation, or when such equipment is required to approooh the edge of an c:<cavalion, and the 
operator does not have o clear !llld direct view of the edge of the excavation, a wmuing system 
shall be utilized such"" barricades, hand or mechanical signals, or stop logs. If possible, tire 
grade should be fn'/3)' fi-um the "'""""'on 

H=nlous atmospheres -

1926.651(g)(l) 

Testing nnd coattols. In addition to the requirements set forth in subparts D snd E of this part 
(29 CFR J 926.50 • 1926.107) to prevent e-xposure to harmfulleo.·ols of atmospheric 
coataminaniB and to assure acceptable ntroospheric conditions, !he following requirements shall 
apply: 

19211.651(g)(l)(i) 

Where oxygen deficiency (atmospheres containing less than J9j pe!CeJII oxygen) ora 
h=nlous atmosphen: cri;ts or could reasonably be expected to exist, such as in exoavalions in 
landfill areas or O><c:>wtions in areas where hazardous substances am stored ru:arby, the 
atmospheres ;,_,the e~c.avation shall be tested before employees enter exca•;ations greater than 4 
feet (1.22 m) in dcplh 

l926.651{g)(l){ii) 

Adequate precautions shall be taken to prevoot cmployca expo511re to atmospheres containing 
less than 19.5 percent O"-"Y!l"" andothcrhazardoos atmospheres. These prec<IIlliOllS include 
providing proJ"'r respirntory protection or ventilation in ac.:ordance with subparts D and E of 
thisp..-tresp..."'Ctively. 

l 926.651/gl/1 )(iii! 



Adequate pre::aution shall be taken suclt liS providing venlilnrion, to prevent employee e>p<1sorc 
to 811 atmosphere conlaining a coocentmtion of a flannnablc gil! in = of20 pe=nt of the 
lo"w fhmmable limit ofllw gM. 

.. 1926.65l(g)(l)(iv) 

1926.651(g)(l){i•·) 

When controls aroused that are intended to reduce the revel of atmospheric oonwninants to 
acceptable 1..,-,r.,, testing shall be conducted as often as nccessmy to ensure that the atrnosphen: 
romaiwl safe. 

l926.651(g)(2) 

Emergency rescue equipment. 

l926.65lfgl!2)(i\ 

EmeiJle<~cy rescue equipment, such as brenthing opparallls, a safety harness and line, or a 
basket stretcl1c-r, shall be readily availnble where hazardous atmospheric conditions exist or mny 
reasoru~bly be expected to develop during wmk in an excavatio!L This equipment shcll be 
attended when in usa 

1926.651 (g)f2l(iil 

Employees entering bell-boUom pier holes, or other similar deep and confined footing 
e:<caVlltions, shall wear a harness with. o lifeline socurely attached to it The lifeline shall be 
separate from ;my line uoed 10 ham!le materials, and shall be individually attended at all times 
while !ho employee wearing tbe lifeline is in the e><eavation 

Protection from hnzanl.s associnll:d with water accumulation. 

1926.65l(h)(l) 

Employ= shcll not W01"k in =vntinns in which there is accumulated water, orin excavations 
in which water is =mulatioJl, unless adequate precautinM hnve been taken to protect 
cmplCIJittS ogainst the hllZ!Il'ds posed by water accumulation. The precautions necessmy to 

protect omployees adequately vary with each situation, but could include 'Pecial ompport or 
shield systems to protect from cave-ins, water removal to control the lfNcl of occwnulating 
w.rter, or use of a safety harness and lifeline. 

.. 1926.65l(h)(2) 

1926.65l(h){2) 

Sidewalks, pavements and appurtenant structnre shall not be undennined unless a support 
systom or another method of protection ia provided to protect employees from the possible 
coll:rpse of such structures. 

Protocrion of employees from loose rod: or soil. 

1926.65l(j)(l) 

Adequate protection sl>nD be provided to protect employees from loose rock or soil that could 
pose a hazard by falling or rolling from an excnvmion face. Such protection shall consist of 
scoling to remove loose matericl; installatio~ of protective barricades at intervals os necessmy on 
the foce to stop and contain falling material; or other means that provide equivalent prntoctioo 

-1926.65l(j)(2) 

l926.65Hj)(2l 

Employees shoJI be protected from c;:cavated or other materials or equipment that could pose a 
bawd by falling or rolling inro exc:wations. Protection shcll be provided by placing and keeping 
such materials or equipmCllt at!""-<!: 2 feet (.61 m) from the edge of exeaVllrions, or by the usc 
of retaining devices that are sufficient to pJ"C\'CIIt matcriols or equipment from falling or rolling 
into excavations, or by a combination of both if necess"'}'. 

1926.651(k) 

ln'Pcctions. 

1926.6.51/kliH 

Daily inspections of excnVlltions, !he adjacent areas, and protective systems shcll be modo by a 
oompetont perron for evidence of a situation that could result io possible eave-ins, indications of 
failure of protective systems, hnzardous atmospheres, or other hazllrdous conditions. An 
inspection shllll he conducted by the competent person prior to tho s-tart of work and as needed 
throughout the shift. Inspections shall also be mode after evecy rninstorru or other hnzard 
increasing occurrence. These inspections ..-.: only n:quired when employee exposure can be 
reasonably anticipated 

1926.651(k)(2) 

When: the competent person finds "'~dence of a situati011 that could result in a possible cave~in, 
indications of failure of protective systems, hazardo'15 atmospheres, or other hazardous 
conditions, exposed omployees sl>nll be removed from the h,..ardous lll"Ca until the necessay 
precautions have bee~ tcl<Cll to en;ure their safety. 

If water is controlled or pnwcuted from :~CC~~mulating by the usc of water romoval equipment, 
the water removal equipment and operations shall be monitored by a competent person to 

"""""' proper operation. 

1926.65l(h)(3) 

If excavation wmk interrupts the naturnl drainoge of surface woter {such as slroams), divctSion 
ditches, dik<:s, or other suitable means shall be used to prevent surffm wl!!cr from entering the 
e:<<:<lVation 8Jid to provide adequate drninoge of the area adjacent to the excavation 
E:=lvations subjoct to runoff from heavy rains wi!J requin: an inspoction by o competent pernm 

and compliance with paragraphs (b)(l) and (b)(2) of this socrion. 

1926.651(i) 

Stabili(lt of adjacent structures 

1926.65J(i)(l) 

Where the st:Jbili(y of adjoining buildings, wclls, or o!h_er sbnctures is endangered by excavation 
operations, support sy<tems such as shoring, bmcing, or underpinning shllll be prm-ided to 
ensure the stobility of such structun:s for the protection of employees. 

1926.65l(i}(2) 

Excavation below the level of the b= or footing of 11!\Y fmmdalion or retaining wall !hat could 
be reasonably e>."Jl«:ted to pose a hazard to employees shall not be permitted except when: 

1926.651 (i)(2)(i) 

A support system, such as undezpinning, is provided to ensure the safety of employees and the 
stability of the structure; or 

1926.65l(i}(2)(li) 

.. 1926.65l{i)(2)(iii) 

l926.65l(i)(2)(iii) 

A registered professional engineer hM approved the determination that tbe structure is 
suffioienlly removed from the =vation so as to be unaffected by the e>.'='a~on activity; or 

l926.65l(i}(2)(iv) 

A registered prnfessioncl engineer hM approved the detenuimrtion that such co:cavation wod: 
will not pose n hm-ard to employees. 

1926.65l(i)(3) 

Fall protection. 

l926.651fl)fl) 

Walkways shall be provided when: employees or equipment are re<juired or pcnnittcd to cross 
over =:wat:ion.s. Gu:rnlmil.s which comply with 1926.502(b) shall be provided whore 
walkways are 6 feet (1.8 m) or more above lower levels 
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1926.652fa\ 
Protection of employecs in =avntions. 
1926.652fall1l 
Fach employee in :m ""cnvalion shall be protocted from caw-ins by an OOequate protective 
system designed in aocordanco with pnrngrnph {b) or (c) of this section except when: 
1926.652(a)(l)(i) 
E.--:cavations ""'m~de enlin:ly in slnblc rook; or 
1926.652/a\/ll{iil 
El<cavations are less than 5 feet (1.52 m) in depth and examinarion of the ground by a 
competent peiSOD provides no indication of a potential cave-in. 

1926.652(a)(2) 
Protective systems shall have the capacity to resist without failure all loads that om intended nr 
could reasonably he e>.-pected to be applied or tnmsmitted to the system • 

.. 1926.652(h) 

1926.652(b) 
Design of sloping and benching systems. The slope; and oonfigumtions of sloping and benching 
systems sh.llll be &Olcctcd and constructed by the employer or his designee and shall be in 
occordanoe with the requirements ofparngmph (b)(l); or, in the cltema~ve,paragraph (b)(2); 
or, in the alternative, pamg:mph (b)(3); or, in the clternative, pamgraph ():>)(4), liS follows· 

1926.652(h)(l) 
Option {I) - Allowable configurations and slopes. 
l9Z6.652!blfllffl 
Excavations shllll be sloped at an angle not steeper than one and one-hnlfhorizontolto one 
vertical (34 degrees meastlrod from the horizontal), unless the employer u<es one of the other 
options listed below. 
1926.652(h)(l)(ii) 
Slopes specified in pomgmph (b)(l)(i) of this section, shall be excavated to form con6gnmtions 
that arc in accordance with !he slopes shown for TJ-lle C soil in Appendix B to ~>is subpart 
1926.652(h)(2) 
Option (2) - Determination of slopes and configurotions using Appendices A and B. MIDillnurn 
allowable slopes, and allowable oonf~gurations fm sloping and benching systems, shall be 
determined in accordance "ith the oonditions and n:quircments set forth in appendices A and B 

to this subpart 



1926,652!bl(3) 

Option (3)- Designs using other rnbulotcd dala 
1926.652(h}(3){i) 
Designs ohlopillg or benching s:;~tems shall be selected from and in accordance with tabulated 
data, such as tables and char!l; 
i926.652(b)(3)(ii) 
ll>C tabulal<:d d.ta shill~ be in wriltell fonn :md shall include all oflh~ following: 
.. 1926.652(h)(3)(ii)(A) 

l926.65l(b)(3)(ii)(A) 

Identification oftl1e parnrneters lhat ru'fect the selection of a sloping or bcm:hing system dnmn 
from sudHiata; 
1926,652(b )(J)(ii)(B) 

ldcntif!Calion of the limits of use of the data, to indudc lh~ m3gl'lilude and configurotion of slopes 
determined to be safe; 
1926,652(h)(3)(ii)(C) 

E>.-pl:malmy infunnotion as msy be necc"'ruy to aid lhe user in maKing a conect selection of a 
pmte::tive system from lho data 
1926,652(b)(3)(iji) 

At least one copy of the lllbnlated dala which idrntifms the registered professional engineen.Wo 
appmved the data, shall be mointained ot the jobsite during construction of the protective 
system. Aficr lhat time the dota moy be stored off the jobsitc, but a copy of the data sb;dl be 
made availoble to tbe Secretary upon request 
1926.652Mf4) 

Option (4)- Design by a regisrered professional onginecr. 
1926.652{b)(4)(i) 

Sloping and benching systems not utilizing Option (l) or Option (2) or Option {3) nnder 
paragroph (h) oftlris section shall be approved by a registered professional omgineer. 
1926,652(b)(4)(li) 

Designs shall be in ,.,.;tten fonn and shall include 1\1 !east lhc following: 
1926.652(b)(4)(ii}(A) 
The magnitude oftbe slopes that were deternJined to be safe for the particular project; 
.. 1926. 652(h)(4)(U)(B) 

1926.652(b)(4)(li)(B) 

The configurations thm were detennined to be safe for the particular project; 
1926.652(b)(4)(ii)(C) 
The identity of the regisllmld professional engineer "!'Proving the design_ 
1926.652(h)(4)(lii) 

At Ieos! one copy of the design shall be maintnioed at the jobsite whilelhe slope is being 
constructed. After that time the design n=l not be at the jobsitc, but n copy shall be made 
available to the Secretil!)' llpOJ\ request 

:&.planatocy infonmrtion "'msy be necessil!)' to aid lhe =in. making a com:ct selection of a 
protective system from the data_ 
1926.652(c}(3)(iii) 
At least one copy of the tlbnlnled dotn, whiC:h identifies the regislered professional engineer 
who approved the data, shall be maintained at the jobsito during construction of the prote::tive 
system. Aflcr lhnt time d1e data may be stomd off the jobsite, but a copy of the data shall be 
made available to the Secrela!}· upon request_ 
l926.652fe1(4) 

Option (4) - Design by a n:gisterod professional engin=. 
1926.652{c)(4)(l) 

Support systems, shield systems, and other protcctivc systems not utilinng Option 1, Option 2 
or Option 3, above, shall be appro,·ed by a registered professional engineer. 
1926.652(c)(4)(ii) 
Designs shill~ be in .,.:rillenfurm and shall include the follcrwing: 
1926,652(c)(4)(ii)(A) 

A plan indicat'ingthesi=, types, and crnftgUTalionsofthematcrials to be u,-;d in the pmte::tive 
system; and 
1926.652{c)(4)(li)(B) 

The identify of the registered professional engineer approving the design . 
.. 1926.652(c){4)(W) 

l926.652(c)(4)(iii) 

At least one copy of the design shall be maintnioed at the jobsite during construction of the 
protective o;ystem. After that time, lhe design may be stored off the jobsitc, but a copy of the 
design shall be made nvnilable to lhe Socret;ny upon requosl 
1926.652(d) 

Materials and equipment 
1926.652(d)(i) 

Mn.tcrials rmd equipment used for protective systems shall be free from damage or defects th<ll 
might impairtl1eir prnpcrfimction. 
1926.652(d)(2) 
Manufaotured motorials and equipment used for prorective systems shall be used and mo:intaincd 
in. a manner that is consistont wilh the rocommendotions of the milllufuoturer, m1d in n manner 
that win prevent employee e>:posure to hazards. 
1926.65Z(d)(3) 

When material or equipment thm is used for protective o;ystems is damaged, a competent person 
shtill c;<runine the material or equipment and evaluate its suitability for continued n<e.lfthc 
competent person emmet assure the mnterinl or equipment is able to support the intended loods 
or is otl1erwise suitshle for safe use, 1hcn such molfrial or equipment shall be removed from 
scrv:icc, and shall be e>-aluntcd and approved by a regisrered professional engineer before being 
returned to service_ 

1926.652/cl 
Design of support systems, shield systems, ar~d other protective systems. Designs of support 
systems, shield systems, ar~d other prote::tive systems shall be selected and constructed by the 
employer or his designee and shall be in acrnrdanee "''ith lhc reqllir=ents of parograph (c)(!); 
or, in~'" altcmativo, paragraph (c)(2);or, in the altemotive, poragraph (c){3); or,i the 
alremative, p;rnlglUph (c)(4) as follows: 
1926.652/c)(]) 

Option (l) - Designs using opp::ndiees A, C and D. DesignS for timber shoring in trenches shall 
be detern1ined in accordance wilh the conditions m1d requirements set forth in. appendices A 
and C to !his subpart_ Designs for aluminum hydraulic shoring shall be in aocordmcewith 
paragmph(cX2) of this section, but ifmanufxture~s tabuloted dati cmmot be utilized, designs 
shall be in aocordance with appendix D_ 
.. 1926.652(c)(2) 

J926.652(c)(2) 

Option (2)- Designs Using Manufacturer's T:.bulated Dnlll 
i926.652(c)(2)(l) 

Design of support systems, shield systems, or other protective s:;-stems lhat are dm"n from 
manufacturer's tahnlaled data shall be in accordance with aU specifications, recommendations, 
and limita~oos issued or nmde by the momfactwer. 
1926.652(c)(2)(ii) 
Deviation from lhe specificatians, recommendations, and timitations issued or made by the 
manufocturer shall only be allowed after the mrnmfncturer issues specific Mitton approval. 
1926.652(c}(2)(lii) 

Manufatlun:r's sp<:cif!Cotions, recommendations, and limitations, and mamrfac!urefs approval to 
devinle from the specifi<:ations, recommendations, and limitations shall be in mitten form at the 
jobsite during constrnctlon of the protective system. After thn! time this d.ta may be stored off 
the johsitc, but a copy shall be made availoble to tl1e Secretmy upon request 
1926.6521d(3\ 
Optioo (3) - Designs using other labnlated data 
1926.652(c)(3)(l) 

Designs of snpJl<lrl sy5fems, shield systems, or other protective systems shru! be &clected from 
and be in aeeordance with tabulated data, snch as tables and chrnts. 
l926.6S2(c)(3)(li) 

The tahub!ed dal:a shall be in wrineo form and include :ill of tho following: 
1926.652(c)(3)(li)(A) 

Identification of the parameterslh:rt affect the selection of a prote::tive system drawn from such 
d:rta; 
.. 1926.652(c)(3)(ir)(B) 

1926.652(c)(3)(ii){B) 
Identification of the limit. of usc of the dnla; 
1926.6S2(c)(3)(ii)(C) 

1926.652(e)(l) 

G<oorot 
1926.652(e)(l)(i) 

Members of support systems shnD be soourdy COllilCCkd togctber to prevent sliding, fulling, 
kickouts, or other prr:dictahle failure. 
.. 1926.652(e}(J)(ii) 

1926.652(e)(t)(ii) 

Support systems shall be installed and removed in n manner lhat protect< employees from cave­
ins, structurnl collapses, or from being struck by members of the support system. 
l926.652(c)(l)(iii) 

lndi>idual members of support systems shall not be subjected to loads exceeding lhosc which 
!hose mcmbers were designed to .,.ithstand. 
l926.652(~)(t)(lv) 

Before temporary removal of individual members begins, additional pr=ticns shall be taken 
to ensure lhc safety of cmployc~s, such as installing other structural memben< to cony the loads 
imposed on the support system. 
1926.6S2(e)(l)(v) 
Removal shall begin a~ and progress from, !he bottom of the excavation. Members shall be 
reloased slowly so "' to noll: any indication of possible failure of the remaining members oflhe 
structure or possible cavo-in of the sides of the ncavalion. 
1926.652(e)(l)(vi) 

Backfilling shnD progress together with the removal uf Sll]lport systc:ms from =avations. 
.. 1926.652(e)(2) 

1926.652(e)(2) 

Additional mquiTCmcnts for support systems for lrench excavations. 
1926,652(c)(2)(i) 

Excavation ofmatcrinlto alevcl no groatcrlhan 2 feet (.61 m)belowthe bottom of the 
mcmbc<S of a support system shall be permitted, but only if lhe system is designed to resist the 
femes calcoloted for tl1e full depth of the lrench, and tl!ere ""'oo indications while tl~e 1rench is 
open of a po"'ibleloss of soil from behind or below the bottom of the support system. 
l926.651.(c)(2)(ii) 

fustall~tion of a support system shall be closely coordinated witlt the excavation oftrencbcs. 
1926.652(1) 

Sloping and be\\chillg systems. Employees shall not be permitted to work on tl1e f"""s of sloped 
or benched excavations nt le\ds above other employocs except whco employees ~t the lower 
levels '\"' mlequrudy protected fron> the h>Umtl of falling, rolling, or sliding materiul or 
equipmcnL 
1926.652(g) 

Shield systems -
1926.652(g)(t) 

General 



1926.652(g)(l)(i) 
Shield systems shall not he sub jeered to loOOs exceeding those which the system was designed 
to withstand. 
l926.652fglQJ(jj) 

Shields shall be inslal!ed in a numner to ll'Slrict larernl or other ha>ardous movement of the 
shield in the event of the applicntion of sudden l~tcr.d loads. 
l926.632(g)(l){iii) 
Employees shall be protected limn the hazard of cave-ins when entering or exiting the areas 
protected by shields. 
•. J926.6S2{g)(J)(1v) 

l926.632fgl(Jl(iy) 
Employ<:cs shall not be allowed in shields when shields are being install..:!, removed, or ffi(J1,W 

.. -erooclly. 
l926.652(gl(2) 
Additiooal requirement for shield systems u.sed in trench excavations. Excavrn:iOIIS of eorth 
material to a level not greater than 2 feet (.61 m) below lhe bcttom of a shield sludl be 
permitted, bul only if the shield is designed to resist the forces calculatOO for the full deplh of the 
trench, and there are no indications wlulc the trench i.s open of a possible loss of soil from 
behind or below the OOttom of the shield. 

(a) Scope Md application.(!) Scope. This appemlix descnOes a metllodofclossilyingsoil sud 
rock deposits hosed on site and environmental conditions, and on the structure ami composition 
of the earth deposits. The appendix contains defmitions, sets forth requirements, and describes 
acceptable -visual and manlllll tests for use in d~g soils. 

(2) Applicatio!L This llppendix applies when a sloping or b<:n<:bing system i.s designed in 
accordoncc with the requirements set forth in 1926.652(b)(2) as a method of protection for 
employees from cave-ins. This appendix also opplies when timber shoring farexcavotiOIIS is 
designed as a method of protection from caYe-ins in ocwrdance with appendix C to subpart P 
of part 1926, and when alwninum hydraulic shoring is designed in accordance with appendix D. 
Tioi.s Appendi.x also applies if other protective systems me designed and sclccted for use from 
dota prepared ln accordance with the requirements set forth in 1916.652(c), ond the use of the 
dala is predicated on the use of the soil classilkation systt:m set furth ln this •PP""dix. 

(b) Definitions. The definitions and examples given below are based on, in whole or in part, the 
fullowing; American Society for Testing Moterials (ASTM) Stnndmd.s 0653-85 and 02488; 
The Unifoed Soils Cla<;sification System; The U.S. Departmont of Agriclllture (USDA) Textnral 
Classification Scheme; and The National Bureau of Standards Raport BSS-121. 

"Cem•nted soil" Jn~a~s ~ soil in which the particles are ll&ld together ,, 
a chemical agent, such as c-alcium cHPQn~te, ~~ch that a hand-sizo 
sample 
cennot he crush~d into powder or individual soil panicles by fi-n9er 
pr,.s•ur~. 

int" the excava-cion on a slope of four hori-zontal to one vo~tlcal 
14H:lV) 
o< greater; o::: 

(v) 1he o=te:::ial is subject to other factors that wo~ld ;cequhe H to 

'• 
clasai.fied as a less st«ble ""terhl. 

"Type B" mEons: 
(J_) Cohe~iv~ soil with a"- uncoonfined comp~essive stren90h gr~ater than 

0.5 tsf (48 ~Pal but 1~s• th<>n 1.5 tsf (144 Ha); or 
(iii Gr~n~la::: cohesionless soils 1ncl~ding: angllla::: g~~vel (simUar ~o 

c"~sh~d roc~], silt, sll~ loaxt<, sandy loam and, in some "'"se•, ~LHy 
cloy 
lo=t ond sondy cloy losm. 
(iii] Pr~viously distu:::bed soils excopt those which would othe!:Wi~e he 

chssed ~s TY)?O C soil. 
(iv) S"ll tha~ meets the ~ncon£ined CG"'J'ressive sO~~ngth or cornantation 

nquirements fo::: lype A, but is fissu.red or subject to vibrati-on; or 
(v) Dry roc~ that is not stahle; or 
(vi] Material that is part of a sloped, laye;ced sy~tem >mae the layers 

dip into the excavation en " slope less steep th~n faur h"riz<>nhl to 

vertic~l (<R:l.V], but only H the =t~riai would othendse be class~£ied 
~~ ~yp~ B. 

"Tl'l'• C" m<>ans: 
(i) Cohesive ~oil with an unconfined eomp.ressivs stnngth of 0.5 td 

'" kCo) or lo~~; or 
(H) Gr~tmlor soils including gravE!, ~and, end lo@ny sand; or 
(ill) Submerged soil or soil from whJ.ch \<at<>< is f~e~ly sgeping; 
(iv] Submerged ~ocfo th~t h not =t;ble, or 
(v) Meted-a)_ in a ~loped, layered syst~m where the l-aye~s dip into the 

exca\·~'ion "-" a slope of four horhontol to one Vertical (4H;lV) or 
steepor. 

"Unconfined compressive strength" !Mens th~ iQ~d per uni-t ~rea ~t whLch 
~ soil. will fall in comp.rossion. It c~n be dcte::mined by laborat.,ry 
te~U,g, or estimated in th<> field usir.g a pocket p~net.romoter, by thumP 
penetut1cn tests, ond oth~r methoQs, 

"Wet soil" Ir;e~ns soil tho~ contains significantly more moisture than 
rnoi~t soil, but in such a r<Lnge of values th~t cohe~ive material -~ill 
slump or begin to .l'lo'f when vibrated. Gron~l~~ m~te1:iol that would 
exhibi~ 

cohesive prope1:ties when ,.oist will lose those cohesive properties when 

(c) Requirements - (I) Classificrnion ofsoil and rock deposits. Each soil and rock deposit shoJi 
be classified by a competent person as Stable Rack, TJ-1le A, TJ-1leB, or Type C in 
accordooce witlo the definitions set forth in paragraph (b) of this appendix. 

(2) Basis of olassifica!ion_ The classificotion of the deposits shall be mado bosed on the results of 
at least one visual Md nt least one manual analysis_ Sucb analyses shall be conductod by a 
competent p<:r-son using tests described in. parngrnplo (d) below, or in oa.cr recognized methods 

"Coh~sivs Mil" means cloy (fine gr~ic.Ed soil), or soil with~ high 
day 
conte~t, which h~~ cohedve ~tren9th. Cohgsive soil does not crurnhl"' 

Pe exc,va~ed with v~rt1cel siCeslopes, an~ h phHie when moist. 
Cohe~ive soil is horcl to hre~k up when dry, ~ncl ~xhibits signHiccnt 
coi'.esion when subme1:g2d. Cohesive Mils inclucle dayey s;.lt, s=dy clay, 
silty chy, chy and organic clay. 

"Dry Mil" m~ans soil thot does not exhibit visible signs of rnoist~re 
content. 

"Fissured" rneens q soH rn~teria~ that has ~ ta.nden<Oy tc break along 
definite pl~nes of fr~ctute with li<th resOst~nce, oc " ""'tadal tilat 
exhibits "pen crac<s, such as tension crach, in an exposed surface. 
"Gunular soil" rn~on~ gc~vel, sand, o~ ~llt (cosrse grained soH) ~-;.th 

little or no c:ay con~ent. G.canular soil hes no cohcsive sore"(lth. Some 
mois~ granula~ M.!.h ~xlnblt appannt cohesio~. Gro;nular soil cannot be 
>nolded when moist ami c~ombhs easily when dry . 

"Layered system" me,.ns t>Jo or )nora distinctly different soH or roc~ 
types arr""gecl in h;-..rs. MiC<lCMUS se~rns OI w.,ahned planes in roc~ or 
sh"h ere consLdered layer<3d. 
"Mois~ ""il" means a conditior. in ·ohich ~ soil l<>oks ~nd fee~s da:np. 

M"l~t c"hesive soil can easily be shaped in~o a ball and rolled i-nto 
small 
di.,.ete,; threads before crumbling. M"i~to 91:anuhr soil Uta~ """tains 

cohesive moterid "ill e~O!LbH signs "f coh~sion between p~rticlEs. 
"Pl~stic" "'"~ns ~ pro~rty of <l ~o~l which ~llo"s the soil to be 

defo:r:med Ol: molded ~-Hhout c~~cking, "r apprecioble vol~mE change. 
"Saturated s"il" m~ons a soil in which the voids ~re fill~d "hh wat:er. 

Saturation do~s not reqdcE flo,., S"turation, ""near s~turation, 
necsssHy for the propel: us" of inHrurnents such ~s a poGk~~ 
pen~t~omete~ 

or sheer V<>M. 

"Soil classification system" (neons, f"~ ~h~ )'ULpose of this suhpart, 
method of cot~9orhin9 soil and .rod deposits ir. a hier~rchy of S~..:Ole 
Rock, !ype A, !)ll>e B, and Type C, in ci<ecre~~ing oocder of ~tability. Tho 
categories cr~ ciet~rmiMd based on on andy~is of the properties anci 
perfo<rna.~ce chH8Cteristic.s of the deposOts and th~ chaueteristics of 

"" depo~its and the enviro=enUl conditions of e~posure. 
"Stable rock" m~ons natuul solid mineral maHer ~hot can be ex""vated 

with vertical sides ~r.d rem~in ~ntact while exposed. 
"Submerged soiL" means soil which is under,.ater o;; is hee seepin9. 
"Type A" mean~ cohesive soils with an ~ncon£ined, cotnp.ressiva strength 

of 1.5 ton per squa=o foot (ts.l') (144 k~a] o:::- 9reater. Exantples of 
cohesive soils are: cl~y, silty c~ay, sandy day, clay loam ond, in some 
cases, silty clay loam a~d sandy clay loam. Cemented soils Elich '"" 
caHche 
and h"-rdpan He also considered lype 1\. Ho~·ev~~, no soil is lype A if: 

(i) lh~ soil is !iEoured; o.t 

Iii} "!'he ~oil is ~ubject to vibrati-on from heavy tr~fH~, pil~ d~iving, 
or similar aHects; or 

(iii) The soil h~~ be~n previously disturbed; or 
(iv) The soil is p~J:t of ~ sJ.op~d, J.aye~gd syst"'m where thE l~yers dip 

of soil classificntion nnd testing such as1hose adopted by the American Society for Testing 
Maleri.als, or the U.S. Department of Agricultum textural classificrnion system. 

(3) VISUal and manual analyses_ The visual and manual analyses, such as those noted as being 
acceptable in panogrnph (d) of this append!."<, shall he designed and conducted to provide 
sufficient qu.mitative nnd qualitative information as may 00 neoessmy to identify pmpedy the 
prope<tics, factors, and condition.> affectio.g, the clagsificrnion of the deposits. 

(4) Laycw:l systems. In a layered system, the system shall be clas>ifred. in occordrutee with its 
weakest layer. However, each layermzy be cl=ilied indi-vidually where a more stable layer lies 
under a less slablo layer. 

(5) Reclagsificatio!L :u; after classifying a dcposi~ the properties, factms, or condirioru affecting 
its classifrorn:ion doange in liiiY way, the changes shall be evaluated by a comperentperson. The 
deposit shall be reclassified as nece.ssaty to reflect the cbanged cizcwn.-tuJ<;es. 

(d) Aoceptable visual and manual tests.- (I) Visual tests. Visual analysis is conducted to 
deternoine quallt<ltivc infonnation regarding the excavation site in gcn..-al, the soil adj=t to the 
excavation, the soil fuiiDing the sides of the open excavation, and the soil taken as s;:unples from 
excavated material. 

(i) Observe somples of soil that are excavated and soil in the sides of the excavation. Estimate 
the range of particle sizes and the relative amounts of the particle si2cs. Soil that i.s primarily 
compCJScd offme-grained material material i.s cohesive material. Soil composed primarily of 
coarse-grained sand or gravel is gmnulnr motcriol. 

(ii) Observe soil. as it is excavated_ Soil that remains ln clumps when e>«:aVatcd is cohesive. Soil 
that breaks up easily and does not otay in clwnps i.s granular. 

(oii) Observe the side of the opened exc;ovation and the suTfaro area adjacent to the excavation 
Crock-like openings such as tension cracks could indicate fissured materiol. If chunks of soil 
spa!! off a vertical side, tloe soil COllld be fissured. Small <palls nre evidence of moving ground 
and are indicrnions of potentially h:uardo"' siru!i!ions 

(iv) Observe the areo a~acent to the excavation and the excavation itself for evidence of 
Cl<isting utility and otherUI!dergmund structures, and to identifY previously disturbed soil 

(v) Observed the open..:! side oftl•~ excavation to identify leyered systoms. &amine lsycn:d 
eystems to identizy if the loy...-s slope toward the e;<cavation. Estimate the degree of slope of the 

'""" 
(vi) ObseTYe the ..-eo adjacent to the excnvntion and the sides of the opened excavation for 
evidcncc of surfacc water, wlller seeping from the sides of the excavation, or tloe location of the 
level of the water table. 

(vii) Observe the area adjacent to the excavation and the am> within the cxcavrnion for sources 
of >ibr.lfion that msy affect tloc stlhility cf the excavaion face. 



(2) Mamml rests_ Manu(l] ;m(l]y.is ofooil samples is <:onducted to detO!Jiline quantitative as well 
as qualitative properties of soillllld to provide more infmmatim in order to d:ISSifY soil 
properly. 

(i) Plasticity. Moldnmoistorv."t sompleofsoil into a bcll and attempt to mllitinto fhread_; as 
thin as 118-inch in diornetcr. Cohesi>-e materiol can be suocessfully rolled into threads without 
crumbling. For example, if :rt leost a two lncl:t (50 mm} length of llll-inch thread can be held on 
one end "ithout tearing, the soil is cohesive. 

(ii) Dry slre!lgfu_ If the soil is dJ)' and crumbles on its own or with moderme prcs.surc into 
indMdnal grains or fine powder, it is gnmnlar (arry combination of gravel, <>nd, or silt). If the soil 
is dry mul fulls into clumps which break up into smaller clumps, but lhe smaller dWllps can only 
be broken up wirll difficulty, it may be clay in any combination with Jllll'"~ sru1d or sill. Jfthc dry 
soil brenks into dumps which do not break up into small c\nmJ" and which can Ollly be broken 
with difficulty, ar.d there is no visum indication the soil is fissured, the soil may be COT!sidered 
~fu-

(iii) Thwnb penetration. The thumb penetration test can be esed to estimate lhe unconfmed 
compn:ssive strength of cohesive soils. (This test is based on the lhumb penetration test 
described in American Society for Testing nnd Materials (ASTM) Standard designation D248S 
- "Standard Rccommcnclr:d Prncticefor Description of Soils (Visual - Monua! Procedure).") 
Type A soils with an unconfined compressive strength of 1.5 t<f can be =<lily illdented by tl1e 
thwnb; however, they can be penetmted by the thumb only with very great effort. Typo:; C soils 
wilh an unconfined compressive strength of 0.51Sf can be easily penetrated scve.--al inches by 
the thumb, ond can be moldod by light fmger pressure_ This test should be conduct.d on an 
undislllrbed soil sample, such as a 1"'1\e clump of speil, as soon as practicoblc nfler e>:eaVation 
to keep to a minimum the effects of e;.posure to drying influence>. Jfthe excavntion is later 
exposed to wetting influences (,-;;in, flooding}, the classification of the ooil must be clumged 
accordingly. 

(iv) Other strength tests. Estimates of\ll\confmed compressive strength of soils c.10 also be 
obtained by use of a pocket penetrometer or by using a hand-oper:~ted sheurvane_ 

(v) Thying test The bllSic Jl!IlPOSe of the drying tcst is to differentiate hem""" collCSivc material 
with fissures, unfissurcd cohesive material, and grlllllll..-materilll. The procedure for the drying 
test involves drying a sample of soil that is apprmcirnately one inch thick (2j4 em) illld six. 
incl!cs (1524 em) in diameter until it is thoroughly dry: 

(A) If the ,;ample dC>·elops cracks as it dries, signiflcant flSSllres are indicated. 

(B) Silll!ples that dry "ithout crncking are to be broken by band If considerable fmw is 
neccsslll)' to break a sample, the soil bos significant collCSivc material conrent.TI\e soil can be 
cliissified as an unfissllrr:d cohesive material and the unconfined compressive strength should be 
determined 

reduced below the ruoximum .now•ble slope, and sh(I]J assure that such reduotioo is achieved. 
S~e loads from adjacent structures sholl be evaluated in accordance wllh § 1926.65l(i). 

(4) Configurations. Configurations of sloping and benchU.g systems shall be in acoordon<>:: 
with Figure B-1. 

SOIL OR ROCK TYPE 

STABLE ROCK 
TYPEA(2) 
TYPEB 
TYPEC 

TABLEB-1 
MAXIMUM ALLOW ABLE SLOPES 

MAXIMUM ALLOWABLE SLOPES 1)-l:V)(I) 
FOR EXCAVATIONS LESS 1HAN 20 FEET 
DEEP(3) 

VERTICAL (90") 
3!4.1 (53') 
!:I (45') 
I Y,:J (34") 

Foo ~· 
tnotc(l) Numbers shm p..--entheses next to maxllllum allowable slopes are angles 

e>.-Jlressed in degrees from the horizontal_ Angles have been rounded off_ 

Footnoto(2) A short-tenn maximum allowable slope ofli2H: IV (63") is ;illm,·ed ;,, excnvations 
in Type A soil that arc \2feed (3.67m) or less indopth. Short-tmnruaxinmm allownbl: slopes 
for excavations gr<;ater~1an l2 feet (3.61 m) in dep~l sha!l be 3!4H:lV (53') 

Footnote(3) SlO)ling or benching for excavations gre:rter than 20 feet docp shall be de.igned by 
a regi<tcn:d prnf=ional enginc:cr. 

FigureB-1 

Slope Configuration• 

(All slopes stated hclow are in the hmizontal to vertical "'tio) 

B-1.1 Excuvalions metfe in Type A soil. 

L All simple slope excavation 20 feet or less in depth shall have a maximum allowable slope of 
'!.:\. 

(C) If a sample b~ e<>sily by band, it is either a fissured oobesive material or a b'I110Ular 
motcriol. To distinguish between tltc two, puh-eri>:e the dried clumps of the sample by bmul or 
by stepping on them_ If the clumps do not pulv..-ize easily, !he materinl is cohesive with fis>uros 
If !hey pnhmize =ily into v"')' small fu!gments, Om mnlcricl is gnmular. 

(n) Scope and applicati1>n. This appendix contains specif=cions fur sloping and bcuchrng 
whcn used"' methods of protecting employees worlcing in =ovations from cave-ins. The 
requirements of !hi. appendix "Jlply when the desigu of sloping and benching prntec!i,·c systoms 
is to be porfonned in accordance with the requirements set forth in§ l926.652(b)(2). 

(b) Definitions. 

Actuul slope means the slope to which nn excavation face is excavntr:d. 

Distress moans t1mt the sail is in ncoudition whoreac:l\'e·in is imminent or is bKelytooccur. 
Distress is "'~denced by such phenomena as the &velopment off=rrcs in the fuce of or 
adjacent to an open excavation; the Sllbsidem:e ofd1e edge of an excavation; rl1e slump~tg of 
malcrial fi-om the fooe or the bulging or heaving ofmat(Oi(l] from the bottom of an excavation; 
d1e spolli:ng of rualerial fiom the fooe of an excavation; mul ravcUU.g, i.e .• sm.n amounls of 
matcriol such as pebbles or little clumps of materiel suddenly separnting from the face of on 
excavation and trickling or rolling dw.n ir!to tl1e exc:watiut 

Maximum allowable slupe means the steepest indille of nn excavation face that is accq>loble 
for the most favoroble site conditions as ))IOtcction ogairut cave-ins, nnd is expressed as lhe 
ratio ofbori2nntal distance to vertical rise (H:V) 

S/rort term exposure means a period of rime less than or equal to 24 hours th:rt an excavation 
is open. 

(c) Requirements-- (I) Soil classijicuti<m. Soil and rock deposits shall be classified in 
accordance with appcndi» A to subpart P of part 1926. 

(2) Maximum allowable slope. The mfl'ciruum a!lowablc elope for a soil or rock deposit shall 
bedetennlncd from Table B-1 of this appendix. 

(3) Actual slope_ (i) The actual slcpe sha!l not be steeper tlum the maximum allownble •lope. 

(ii) The acru(l] slope sha!l be Jess steep than lho mw:imum (I]Jowable slope, 1->hcn there are signs 
of distress. If~1ot situation occurs, lhe slope shall be cut hack to "" aclll(l] slope which is at ]east 
y; horiwntal 10 one vertical ('hH:IV) lcs9 steep thnn lhe maximum .Uowable slOJm. 

(iii) When sorch"'Ee loads from stored material or equipment, operating eqnipmen~ or tmffic 
are prescn~ a competent pern>ll shall detcrmin~ the degree to which the aetna! slope must be 

"' 
SIMPLE SLOPE·· GENERAL 

Exception: Simple slope ='lltions which an: open 24 ho= or less (sl1rut term) and which 
are 12 feet or less in depth sha!lhavc a ma'<imum allowable slope ofY,:l. 

SJ)..fPLE SLOPE -- SHORT TERM 

2. All beru:hed excavations 21l feot or less in depth sha!l have a ruaximwn .nowable slope of3!4 
to l and ma>:imllll\ bench dimensions as follows: 

SIMPLE BENCH 



MULTIPLE BENCH 

3. All e>;tavations 8 ft:ct or less in depth which have uru;upported vertically sided lower )Xlrtions 
shall have a maximum vertical side of31>.feet 

UNSUPPORTED VERT! CALLY SIDED LOWER PORTION-- :to.IAXJMUM 8 FEET IN 
DEJ'JH) 

AU =vations more than 8 feet but not more than 12 feet in depth with unsupported vertically 
sided lom·cr portions sholl have a maximum allowable slope of 1:1 and a maximum vertical side 
of31>. feet. 

UNSUPPORTED VERTICALLY SIDED LOWER PORTION -- MAXIMUM 12 FEET IN 
DEJ'JH) 

,. 
M•"· 

SINGLE BENCH 

MULTIPLE BENCH 

LJ· 
' 

3. All excavations 20 feet or kss in depth whid1 bave vertically sided lower portiOlls shall be 
shielded or supported to a height at leost IS inches above the top of the vertical side_ All such 
eo<cavalions shall have a maxim= allowable slope of 1:1. 

VERT! CALLY SIDED LOWER PORTION 

4. All other sloped e;,-.avolions shall be in oocordancewith the other options penniued in§ 
1926.652(b) 

B--1.3 Euavations Made in Type C Soil 

AU e=vntions 20 fcct or less in deplh which have verticaUy sided lower portions doat nrc 
supported or shielded shall hove a mwcimum allow;ilik: slope ofY.: 1. The support ur shield 
system must exten.d atlemt 18 inches above the top of the vertical side. 

SUPPORTED OR SHIELDED VERTICALLY SIDED LOWER PORTION 

4. AU other simple slope, compound slope, and vertically sided lower portion =vntioos sludl 
be in oc:cordance with the other options permitted undm- § 1926.652(b). 

B-1.2 Excavations Made in Type B Soil 

L All simple slope =vations 20 feet or less in depth shall have a m1E<imum allowable slope of 

1:1. 

LJ. 
' 

SlMPLE SLOPE 

2. All benched excav:ltiuru; 20 feet or less in depth shall have a maximum allowable slope of 1:1 
and mm:inmm bench dimensions as follows: 

I. All simple slope excavatiillls 20 feet or less in depth shall have a maximum allowable slope of 

11>.:1. 

T .. L:J• .. 
SIMPLE SLOPE 

2. All e=a~·ons 20 feet or less in depth which hffile vertically sided lower portions shall be 

shielded or supported to a height at least 18 inches above the top of the vertical side. All such 
'-"""'Yations sluill have a maximtilll allmvable slope of II>: I. 

VERTICAL SJDED LOWER PORTION 

3. All other sloped excavations shan be in oocordance with the other options pcnnittcd in § 
l926.652(b). 

B-1.4 Excavations M~dc in Layered Soil< 

I. All excavations 20 feet or less in depth made in layered soils shall hwe a maximUm allowable 
slope for eru:h layer as set forth below. 
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(3) lnformati011 exploining the use of the tabular dnta is prese:ntlld in pmagmph (e) of this 
"Ppe:ndix_ 

(4) lnfrumati011. illllSU"atlng !he usc of the tabular dab is presentlld in paragraph {f) of this 
"Pl'cndix_ 

(5) ~ll:uu:ousnotntions reg:u-ding Tables C-U lhmugh C-13 and Tables C-2llhrough 
C-2.3 are presented in paragraph (g) of this Apl"'ndix_ 

(d) Basis and limitations of the data - (l) Dimensions of timber memben;_ (i) The sin:s of the 
timkr members listlld in T abies C-1.1 through C- U are taken from the National Bureau of 
Standards {NBS) report, "Recommended Tcclmical Provisioru; for Coru;tnu:tion Praotiro in 
Shoring :Did Sloping ofTrenches ond Ex=tions_" In addition, where NBS did not =omme:nd 
specific sizes of membern, member sizes are based. on an analysis of !he sizes required fur use 
by existing codes and on empirical practice. 

(n) n,., required dimensions of the members listed in Tab!"' C-Ll dl!"lmgh C-13 refer to actual 
dimensions and not nominal dimemiOJIS of the timber. Employm wantiJ,g to use nominal size 
shoring are directed to Tables C-2.1 through C-2.3,orhm·e this choice under 1926.652(c)(3), 
nnd ore referred to The Corps of Cllgineers, The Bureau of Reclamation or dma from other 
acceptable sources 

(2) Limirnti011 of appliontion_ {i) It is not intandcd that the timber shoring specification 1lpply to 
every situntion that may be cxpcricm:ed in the field. These data were dovolop<:d to apply to the 
simations that arc most commonly experienced in current trenching practicc. Shoring systems for 
use in situations ll•at are not covered by the data in this appendix m1151 be designed as specified 
in 1926.652(c). 

(ii) When any of the followillg conditio"" are presen~ tho m01nbcrs spccifkd in the tables are not 
collSidored adequate_ Either an alternate timber shoring system must be designed or :Diod•cr 
type of protective system designed in accord:u1ce wid• 1926.652. 

(A) When loads imposed by structures or by stored motorial adjaceot to the trench weigh in 
excess of the load imposed by a two-footsoil su~eharge. The term "adjacent" as used here 
means the area "'ithin a horizontal distance from the edge of !he trench equal to tho d"Jlth of the 

~"" 
{B) WhC!l verticallomls imposed on cross brnccs cxcoed a 24G-poUIJd gravity !oad distributed 
on a one-foot section of the center of the cross brace_ 

(C) \VllCll surchal]loloods =present from equipnlOJ!t weighing in cxce.s o£20,000 poumls. 

(D) \Vll<:n only d1e lower portion of a trench is shored and dlc rcrntrining portion of !he trench is 
sloped or benched UIJ!oss: Thaslopod portion is sloped at on angle less steep tlu~n three 
horiwntal to one vertical; or the member. are selected from the tables forme m a devth which 
is deteTIIlinedfiom the top of the overall trench, and not from the toe of the sloped portion. 

. Ll 
-~--.21 __ 
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2_ All olhor sloped excavations shall be in m:cordance with the other optio!l'l pcrminod in § 
1926.652(b). 

(a) Scope_ Titi• appendix COJltcins information that can be used when timber shoring i> pr(widod 
as a mclhod of protection from cave·ins in trenches lhnt do not =d 20 feet (6.1 m) in depth. 
This appendix must be used when design of timber shoriJlg protective S}..m.ms is to be 
performed in accordance with l926.652(c)(l). Other timber shoring configurations; o~tcr 
systems of support such as hydralliic ""d pneumatic systems; and other protective oystems such 
as sloping, benching, shielding, and fieeziug ")'Stems must be designed in ""cordance wi!h lhe 
requirements set forth in 1926.652(b) and 1926.652(c). 

(b) Soil Oassification.ln order to usc the data presented in this appendix, lhe ooil type or types 

in which the =m>ation is made must fm;t be detennined using the soil classification method set 
forlh in appcndL'!C A of subpart P of this part 

(c) Presentation oflnfonnatian.lnformaticn is pr=nted in SllVCml fonns as follows: 

(l}lnfonmrti!lll is presented in tabulnrfmm in Tobi<:S C-1.1, C-1.2 aud C-1.3, and Tables C-
2.1, C-2.2 and C-23 following p=gmph (g) of the "PJ>e:ndix_ Eac:h table presents the 
minimum sill:S oftimbctmcmkrs to use in a sharing sysrem, md each mbk: Cillltairu dn!a only 
for the particular soil !)pe in v.hioh d•c C>«:aVation m-porti011 of the ~on is made_ The 
data nre arranged to allow !he user the flexibility to select from rnnang severn! occeptoble 
configurations of members based on varying the lmrizmn:lll :;pocing of the orossbraces. Strole 
rock is exempt from shoring requirements m~d !hcn:fore, no d~ta are preseiJted for this 
condition. 

(2) Infonnntion concerning the bil<il; of the tabular d<Jta and the limimtions of the data is 
presented in porngroph (d) of this appendix, and on the tables themselves. 

(e) Use ofTablos. The mombers of the shoring system that are to be selected using this 
infunuation are the cross bmc:e;, the Uprights, and the wales, where wales are required_ 
Minimum sin:s of members are o;pecified for use in different !}pes of soil. There are six tables of 
infOTmation, two for each roil type. The soil type must first be ~incd in =nlonce with 
the soil classification ,;ystem. described in "Ppe!ldix A to subpart P of part 1926. Using the 
appropriate table, the selection of the size and spacing of !he memb..--s is then mode. The 
selection is based on !he depth and width of the treJx:h where the members are to be installed 
and, in moot inst:uu:es, the selection is also based on the hor'.rontal spacing of the crosshrnces. 
Instances where a choice of horizontal spa::ing of orossbraoing is available, the horh:ontal 
spacing of the crossbrnces must be chosen by the user before the sire of any member can be 
determined When the soil 1)-pe, !he wid!h and depth of the trench, 1111d the horizontal :;pacing of 
the crossbraocs arc known, !he size and vertical spa::ing of the crossbraccs are known, the sire 
illld vertical :;pacing of the crossbraccs, the size and vertical :;pacing of the wales, and the <ize 
and horironta! spacing ofrl•c uprights can be read from the appropriate table. 

(f) Examples to Titustralc the Use ofTables C-1.1 through C-1.3. 

(l)E--.;amplc l 

A trench dug in Type A soil is lJ feet deep and fm feet \\ide. 

From Tobie C-1.1, for acceptable arrangements of timber can be u .. d. 

Space 4)(1 cro~oh<>ces al; six feet horizontally ~nd four feet 
vertically. 

Sp~ce JXS uprights ~t six het ho>;cb;oncaUy. This ~rra~gement is 
con-"-nonly call~O "s~ip shoring." 

Aronngoment ;z 

Sp~ce 4X£ crossbrac~o ot ei9ht fEet hcrhontolly ~nd four f~et 
v~::tically. 

S~oce SXil w~le5 "" four feet vcrti~olly. 



Epace 6l(O crossbraces al: 12 hot hor~zontally and four feet v~ctically. 

Spaco lOXlO """les at four feet vertically. 

(21 Example 2. 

A trench dug ir, "ryp" B soil is :3 hec deep an.;! five feet wiQe. Fo:am 
T<1ble C-1.2 throe acceptable ~=r~r.gem~nts o£ members are listed. 

5poce OX6 c:rosshr~<""" at si~ het horizontally .md five feet 

ver~ically. 

Spoce 8XB wo.le8 at fHe feet vertically. 

Space 2X6 updghts at two feet ho.dzontnlly. 

Space 6Xa cro~~braces at Ei9ht feet horizontally and five feet 
VHtiC~lly. 

Space 2X5 uprights at t'"'o !P.et horhont~lly. 

Spoco SXB crossbnces at 10 f"et horizont~Hy and five feet vertically. 

Spoce l0Xl2 wales at fiv~ het vertically. 

Spoce 2X6 uprights at two feet Vertically. 

A trench dug in Typ~ C soil ;.~ 13 feet deep ~nd five hot wlde. 

?.rom 1"abh C-1.3 two acceptabh arr~ngemen~" of 1n~mbers can be used. 

Space 8X8 cros~braces at si~ feet hodzontally and fiv~ feH 

vertically. 

5. if~1e vertical distan:::e from O.c center of the lowest crosshrnce to the bottom of the trench 
=eeds two and one-half feet, oprigh.ts shall be firmly embedded or a muds!l! shoJI be used. 
Where oprigbts arc embedded, the vertical distance from the center of the !o"""! crossb!"W'e to 
the bottom of the trench shall not ®Xed 36 inches. When mudsills are used, the vertical 
distance .oiliall not ""oeed 42 incbos. Mndsills me wales that ""'instolled at !ho tow offl1c trench 
side 

6. Treuchjac:ks may be used ln lieu of or in combinotion wilh timber crossbrru:es 

7. Ploocm<:nt of crossbrllCCs. '\l/11en the vertical spacing of crossbrnces is four feet, plncc the 
top crossbroce no more than two fu<t below the top of the trench. When the verticol sp;lcing of 
crossbrnc:es is five feet, place the top crosobroce no more than 2.5 fret below the top of the _,_ 

~ABL~ C-1.1 

TrMEER T~ENCE SHORING -- MlNl}1UM TIMBER REQUIREM:;:Hrs • 

SOIL TYPE A P("l ~ 25 X H ~ "l2 psf {2ft Su~charge) 

SIZE (ACTUAL) i\ND S~ACrNG OF ME'.M.BERS *' 

PEf'Tij I 

' 
CROSE SAAC~S 

" '--~--------
<!IDTH OF TRENCH lf"EETI HORlZ 

TRENCF.:SPACING:--~--~--,--~-

)Uf~O u~~O)UP'!"GIUPTOIUPTOI 

SPACING 

(H<rll (fEET{) 4 6 I 9 I 1£ I 15 I (OOBTI 

~-:--:--,--'--:--:--'-----
1 UP TO I I I 
I 0 {4X~ilX! 14X6 )6H)~X~i 

'--'--'--'--'-- --'-----1 I I I I I 
TO IUPTOI 

I I 4X4 11H 14X6 l 6X1i I 6X6 I 

10 :--- -:----:--:--'--:--:~---
1 UP TO I I I 
I 10 l 4X6 I 4X6 I 4X6 I 6XO I 6X6 I ' 
, __ , __ , __ , __ , __ , __ 1..:_ ___ _ 
I I I I I I I 
I UP TO I I I I 
I H I 4X6 I 4X6 I 6X6 I OH I 6X<i I __ , __ ~-~ ~~--'--'--'--'-----
1 I I l I I 
I UP TO I I 

~o•Hion 2l(6 uprl~~.ts as clos<Itly togother ~"' pos~ible. 

If >1ater must he ~~toi~~ti ~se special tongue •nd groove uprOgMs to 
fom 
~ight sheetln9. 

Arr~ngel"ent H 

S~ac9 8X10 crossloraceo ot eOgh~ f~Et horO~ont~lly ~nd five feet 

ver'Oic~lly. 

s~ .. c~ 12X12 wales at five feet verticdly. 

Po~ition 2XO uprights in a do~~ ;heeting configu~ation unless ""ter 
pressure mu~t be r~shted. Tight shBeting must bE used where wo.ter must 

"• 
retalMd. 

(4)Exarnple4. 

A trench dug in Type Csoil is 20 feet dcc:p and 11 feet v.ide. The size and spacing of members 
for the section of trench thai is over 15 feet In depth is determined using Table C-13. Only one 
ammgemen! of members is provided. 

Sp•ce SXIO crossbrnces m si."< feet horizonlally and five feet vcrtioal!y. 

Space 12Xl1 wales at five feet vertically. 

Use 3X61ight .oilieeting. 

Usc ofTab!cs C-2.1 through C-23 would follow the same procedures. 

(g) Noles for a!! Tabl:s. 

I. Member sizes a! spacings other !han lndicatcd arc to lx> determined as specified ln 
1926.652(c). "Iksign of Protective Systems." 

2. When conditmns arc saturalcd or submerged use Tight Sheeting. Tight Sheeting refers to the 
use of speciolly-edged timber planks (e.g., !Oll!,'UC and groove) at lea.! three inches thick, steel 
sheet piling, or similar coostruction thai when dri""n or placed in position provide a tight wall to 
resist the laternl pressure of water and to prevent the loss of backfill material. Close Sheetlng 
refers to the placement of planks side-by-side allowing as little space as possible between them. 

3. All sponing indica!ed is measured =ter to COJ!ter. 

4. Wales to be installed with greater dim<:nsion horizontal 

I & jdX4l4X4 IU6 l0XOJ6X61 4 

'--'--'--'--'--'--'-----10 I I l I I I I 
I UP TO I I I 
I 8 14X6ldX6 j6X6 IOXO]o>XOI 4 

'---'--'--'--'--'--'-----TO I I I I I I I 
I u~ TO I I I I I I 
I 10 I U6 16X6 (6XO I 6XS I 6XS I 

" '--:--'--'--:--:--:-----
1 UP TO I I I I 
l 12 I 6X6 16X6 16X6 I liXS I 6X8 I 

--:--:--:--:--'--:--'-----
1 UP ro I l I 
I .S I OX6 l6X<i )6X6 I 6XB I 6X9 I 

l5 :--:--:--:--:~--:--:-----
1 U~ TO I l I I I 
I 8 I 6X6 16X6 16X6 I 6X9 I 6XB I 

TO :--:--:--:--:--:--:-----

1 UP TO I I l I I 
I 10 I 9X8 I SXO I 8X9 I 9X8 I 9X)O I 

'" --:--:--:--:--:--'-----
1 UP TO I ( I I I 
I 12 I BXB !8X8 16X8 I 8X6 I 8XlO) 

--:--'--'--'--'--'---'-----
OVER ) S8E NOT! 1 

'" ' '----------------------------

TABLE C-1.1 

TIMS~R TRi:Nc:Jl SfORH-IG -- HIN!MUM TIMBER REQUIREMENJ:S • 

SOIL TYPE.~ P{a) ~ :15 X H + 72 ps~ (2 ft Eurcharg~l 

{Continued] 

SIZ~ (~.CTUAJ..) ;>.NO EPACINO OF MEMBERS •• 

DEPTH I 
I Jo!ALES UP~IGHTS 

TRENc:Jli I V~RT. Ml\."{IMlJM ALLOWABLE HORUCNTAI. S?ACING 

I iSFACINGI (FEET) 



1 s:zr. 

' P'EETII (lNI I (FH'rl I CLOSE I 4 I I 6 I --:----:--:--:--:--:--:----
1 Not I I I I 
I Req'd I --- I I 2X6 I :--:--------:--:----

TO I N"t I I 
I Mq'd I --- I I 2XS 

" '--'--:--'-- -----:----
' I BX8 I 4 I I I 2X6 I I 

, ___ , __ , __ 1 ____ 1 __ , __ , ____ _ 

I I I I I I I 
I I I I I 
I exa I 4 I I 1 I 2X6 I --:--:--:--:--:--:--:----
1 Not I I 1 I I 
I Roq'd I --- I I 3X8 I 

' ' ' '" --,----,----,-
' I 8X8 I I 2X6 

'--'-- --'--'--TO I I I 

' ' ' I BX!O I 4 I I I 2XO I 

'---'--'--'--'--'--'-----15 I I I I I I I 
I I I I 
I lGXlG I I 3X6 

' ' ' --,--,---,--,----
' ' ' I 6X8 I I :JX6 I 

'--'--'--'--'--15 I I I 

' 1 8XS I 4 I 3X6 1 1 I I 

TO :--:--:--:--:--:--:----

1 I I I 
I BXlQ I 4 I 3X£l I I I I 
, __ , __ , __ 1 ___ 1 __ , __ , ____ _ 

20 I I I I I I I 
I I I I I 
I 10X10 I I :3X6 I I 

--:--'--'------'--'----
OVER I S~E NOTE 1 

10 I BXB I axe I BXB I axe I ~X10 I 

<' ,--',--'--:--',--~~- II ___ _ 

' ' I s~~ I I I 
1 Not~ 11 I 1 I I --:--:--:--: : :-----
1 UP TO I I I I 
; £ 16XB16Xe j6J(8 IBXBIBXSI 5 

'---'--'--'--'--'--'----:(5 I I I I I I I 
1 u~ TO I I I 1 I I 
I 8 I BXB I exa I BXS I axe I BX10 I 

TO :--:--:--:--:--: -----

1 UP To I I I 
I 10 I BXlrr I 8X!O I BXlO I 8Y.l0 10X1C 

'--'--'--' 20 I I I I I 

' ' ' I S~e I 
I Note ; I I I 1 I I 

__ , ___ 1 __ 1 __ , __ 1 __ ~1 __ , ______ _ 

' OVER I S~~ NO~E l 

'" ' 

Til-illER TRENCH SHORING -- M!Nlt-ll-1 TIM!l£R 0\EQ\JIREHENTS • 

SIZE (J\CTUAr.) P.ND SPACING OF HE:l-IBERS •• 

DEPT:-! 1:-----,------------
1 WALES 

TRENCH I 

' 
I VERT. I 
I SPACING I 

UPRIGHTS 

W..X!HUH 1\LLUNAE~E EORIZQ)ITfiL SP.~CIHG 
(EETI 

SlZE : '---1 ··-----c---,---1--·----·-
[OE~T)I (INJ I (E'EETI I CLOS~ I 2 J 
__ 1 ______ 1 __ , __ 1 ______ 1 __ , __ , ____ _ 

I I I I I I I 

' 

TABLE C-1.2 

Til'.EfR TRtNCH SHORING -- HINrJ-!1..'!1 Tit·mER REQUlRE:M£.'!?5 • 

SIZE IACTUALJ ANll SPACING OF MEl1BERS ~· 

DEPTH 

CROSS BRACES 

HORIZ. WDTH OF TRE.NCH (F£~1") VI:RT. 
TRENCH I S;'.'\C!NG S~ACI:-IG 

' .---,--
1 UPTOIU?<OIUPTCIUPTOIU~TOI 

(FEETI I (Ol:ETII I 6 I I 12 I l5 I (FEET) 

--'--'--'--'--'--'--'-----1 I I I I I I 
I \!~ TO I I I I I 
I I 4X6 I 4X6 I 6Xb I OXO I ~X6 I :----:--:--:-- -----

TO I U? 1<> I I 
I 8 I £X6 I OX6 I OXO OXB 6X8 

'--'----'--'--10 I I 
I \If TO I I 
I 10 I 6X6 I 6X6 I GXO OX8 6X8 
, __ , __ 1 __ 1 __ , ____ -----

' ' I See 
I Hot~ ll --:--:--,-- ----:--'-- ----
1 T.!P TO I I I 
I b I 6X6 lOX~ 16X6 I 6XO I OXt I 

" '--:--:--'--:--:--:----
UP ro I I I I 

a 1 oxa 1cxa IGXS 1 axa 1 axa 1 

" --:--:--:--:--:--'----
1 UP TO I I I 

I 6X8 1 I 2X6 1 '--:-- ---'--',--:-- ----
I eY.lO I 2Y.O 

'--'-- --- ---10 1 I 

' ' I lOx;o I I ZX6 I 

'--'-------
' ' ' 
' ' ' --'------'--~~-:------

I axe I I 2X1i I 
I I I I " ,--,--,-- ,----,--,----
' ' I lOXlO I 5 I I 2M I I I 

TO :--:--:--:--:--:--:----
1 I I I 

I 10:n2 I I I 2X6 

" '---:----:-- ------------

--,--- ~~~-----~--
I BXlO I :ll(ii 

'----:-----:--,------
' ' I 10Xl2 I I 3X6 I 

'--'--'- -----'-------
' ' ' 
I HX12 I I 3X6 
I __ I __ , __ ---

' ' 
' 

------'-- ---
' DVER SE~ NOE l 

' 
' 

~~---

-------

• Hixed oek o~ ~quivoh~t >dth o Mnd:.~g scre~~th not hs• th~n 800 
ps<. 

•• HonuOcotuced m~rob~~s d •guivol~nt ~""~nsth may be subtltuted fo" 



wood. 

TABLE C-l.J 

TrM82R TRENCH SHORING -- MlNIMl!M TIMBER ~EQU!RE:HE!Nl"S • 

SOIL TYPE C PI~) ~ 80 X 1i + 72 p~f [2 ft S\lr~huge) 

SIZE {1\CT!JAL) A.'JD SP.~CIJ<G OF HEt-r.JERS •• 

DEPTH ~---------------------

' 
CROSS BRACES 

HORIZ. WIDTH OF TRENCH {FEET! 

TRENCU:SPACING:---.---,-----,--,--

I UPTO I U?TO I UPTO I U~TO I liP TO 
(l"EET)j !FEET)! 4 I 6 I 9 I 12 I 15 

VERT. 
SPACING 

(FEET) 

--:--:--'--'--'--'-- -----

1 UP TO I 
I 0 I .SXB 16XB IOXB I BXB I BXS I 

'--:--:--:--:--:--:-----
1 U!' ~0 I 
I 8 I BX5 I BXB I BX8 I 8X8 I BXlO I 

:--:--:--'--:--:--:-----
1 U;> TO I I 
I 10 I BXlO I BX10 I BX10 I 8X10 I 1GX10 I 

'--'--:--:--'--'--'-----
I SeE 

' I NGte J.l 

--:--:--,------------
1 UP TO I 

5 I BXB IBXB IBXB I BXB I BXlOI 

" --:--:--:--:--:--:-----
1 UP TO I I I I I 
) S I BX10 I BHO i BX10 I BX10 ! 10X10 I 

" '--'--:--'--'--,--'----
1 See I 
I Note 11 I 

IS :--'--------------

I Note 1! 

--'--'--'----'--'------

I 12Xl2 I I 2X6 , __ , __ , ___ , ___ _ 
' ' 
' 
' 

------'-------------
' ' ' I lOXH I I 2X6 I 

10 :--'--:--:--,--,-------

' ' I l2Xl2 I I 2X6 I 

IO :--:--:--'--,--,-- -----

' ' ' 
' ' " --:--,--,----:------

------:--,--,--,--------
I 1n1.2 I I 3X6 

15 ~---:--:--,--:--'------

' 
' m ----:-----------

' 
20 -- --- ---,--,--'--:-- ----

OVER I SEE NOTE 1 

" ' 
' 

- Hhect o~k or equivqhnt w;(th • bendhg st~ength not Le" tn~n aso 

P"'-• 
•• H~nuf~ctur~d m=mb~=" M ~'l~ivalent strength rntiY be substH~teci for 
wood. 

TABLS C-2.1 

TUBER TRENCH SHORING -- MINIH"UH TlMBB REQTJIRENENTS • 

SOU ITP~ /'. ?(oj ~ 25 X H + "J2 pof (2 ft Su=charge) 

I 1!• ~o I 
I 6 I SXtO Bx;t BltlO BXlO I 10X10 

, ___ 1_- ------'-- ------
15 I I 

I s~-= I 
I Note 11 

' m --,--,--,--

' : Not~ 1.1 

' '" ----,--,--
I See 
I Not:~ 11 

--'--'-----­

' CV£R I SJ;:E NOTE 1. 

" 

TP.ELE C-l.:J 

TrM3ER ~RENCH SHORING -- M!NU{UH TIMBSR RE!QUIREH!:NTS 

SOl:L TYPE C P(a) = 80 X H + 72 psf {<t ft Surch<>~g~) 

[Co~tOnuecij 

SIZE {ACTUAL) liND SPAL.NG 0~ MEMB!:J<S *' 

DEPTH 
UPRIGf!TS 

TRENCH[ I V£RT. MAX111\JM ALLOWI\BLE l!ORIZONIA!. SPACING 
I [SPACING! (FEET) 

I SIZE I 1'---,---,-----,---,----
{FEET)) (IN) I (f"EETI I CLOSE --:--:--:--'--'---------

I BX10 I I 2X~ 

'--:--'---- ---------

I lOX12 I I 2X6 

10 :--'--:-------------

' ' 

SIZE {S~S) AND SPACING O> MEJ1'lERS ~• 

CROSS BRACES 

HORIZ. I NIDT1! 0~ TRENC.~ {FEF.T) VERT. 

TR~NCF.: SPACING:---.---,--,-- SPACING 

I IUPTOJU?TO)UPTOIUPTOIUPTOI 
(FE~T)I (FEET) I 4 I 6 I 9 I 12 I 15 I (Fr.E"t) --:--:--'--:----:--'----

: UP TO I I 
I 6 I 4X4 14X< IU4 I H4 ~X6 

--'--'--'--'--1 I I I 
TO IU?TOJ I I I 

I B I ~X4 I 4X4 I 4X4 I 4XO I 4XO 

--'--'--'--'----10 I I 
I UP TO I I 
I 1Q I 4XO I 4Xii I 4X6 I OX6 ! 6X6 
__ , __ , __ , __ ! ____ [ 

I I I I 
I UP TO I I I I 
I 12 I 4X6 I 4XO I 4XO I OX6 I 6X6 

-- --:--'--'--:--:--- -----
1 UP TO I I 
I 0 I 4X4 I 4X4 I 4X! I OX~ I 6X6 I 

" --:----:--'--:--'-----
1 UP TO I I 
I B I 4X6 I 4X6 I 4XO I OXO I 6X~ I 

:--'--:--:--:--:--~-----
1 UP TO i I I I I ' 
I 10 I 6X6 I OXO I 6X<i I 6X6 I 6X6 I 

>0 '--:--:--'--:--:---'-----
1 UP TO I I I 
I 12 I OX6 I ~X~ I 6X6 I OXO I OXG I 

--:--:--'--:--'--:---'-----
1 UP 1"0 I I 
I 6 I 6X6 16X6 16X6 I OX6 I 6X~ I 

>0 --:--'-'-'--:-- '---'-----

1 UP TO I I 
I 6 I 6X6 I 6X6 I 6X<i I O;O I 6X6 I 

--'--'--'--'--'--'----



I UP TO 
:;o 1 ox~ ~xo CXO I OX8 

'" --- --'--,----------

UP TO [ I 
12 I 6K6 [6Xii [6X~ 1 ~XO I G;::a I 

--'--'--'---'--'-- ---'-----
OV~R j SEE IIOTE 1 

'" 

T!\Jll.£ C-2.1 

TIKEER 1R;;:NCH SHORI!<G -- l<INI!1Ul1 TIHBEi\ REQUIR&'ENTS • 

DEPTH I 
WALES UPRIGHTS 

TRENCH[ I VER7. M!IXIMUH i\l:,L0"~71BLE HOJ\IZONT!G SPACING 
[ [SeAClNG[ [l'o:ETI 

S1ZE I :---,--,---,,--,-----

IFEETII (IN) I [""ETI I CWSE I 

---:--:~-- --:--,--:--------
1 Not I No' I I 
I R~q'd I Req'd I I I 4H I :--:--'--:----:--:-----
1 Not I Not [ I 
1 Req'd I Roq'ci I I 1 I I 4XB 

10 :--:--:--:--:--:--:-----
1 I I I I I 
I BXB I I 4XO I 

:--'--'--,----:-------
' ' I BXB I I 4X6 I --:--:--:--'--,--,--:-----
1 No' I Net I 

I HORIZ.[ WIDTH OF TR£NCH (FE£TI VERT. 

TRENCH[[ Si'ACING:--,--,---,--,---' SP.~Cl>iG 

I I U~TO I UPTO I UPTO I UPTO I UPTO I 
[FE~TII IFEETI[ l I 6 I ~ I 12 I 15 I (FEETI --:--:--:--:--:--:--:----

1 UP TO I I I I I 
I 6 I 4XO I 4XO oxO I oxo I 6XO I 

'--:--'--,--'--'--'---­
[ UP TO I 
I 8 I 4X6 I 4XO I 6X6 I bXO I OXO I 

,--:---:--'--:--:--:----
1 UP To I I I 
I 10 I 4XO 14X6 IOX6 I 6X6 I OKS I :--:--:--:--:--:--:----
1 So~ I 
1 Note 11 I 1 1 I 

--'--'--'--'--'--'--'-----[ I I I I I I 
I UP TO I I I I I 
I 6 I fX<i I 6X6 I 6XO I 6XB I OX~ I :--:--:--:--:---- :---:-----
1 UP TO I I I 
IE I OXO 16X8 16X8 I sxs I 8XS I 

:--:--:--'--:~- :--:-----
1 UP To I I I 
I 10 I OXO I 6X3 I 8X8 1 8X1l I 8XB I :--:--:---:--:--:--:-----

' ' I Se~ 
I No~e II ' ' --:--:----,------------
1 UP TO I 
I 6 16K8)6X8 OXS i0XOJ8X8[ --:--:--'--:--:---:-----
1 UP TO I 
I 8 I %8 I 6X8 I OX8 1 8~_6 I BXB I 

' ' ' --,--,-------,--
1 \IP TO I 

10 I 8X8 I 8XB I ~X'l I oxa I BXB 

--'--'--'~~ - I 

' ' 

! Roq'd I R~q'd I I 4Xl0 I :---'--:----,--'--'----
I OXS I I 4XO :--'------:--:~------
I oxg I I 4X8 I 

'--:--:--- ---'--:-- ----

I 8X10 I I 4X6 I 4X10 I --'--:-- --:---'--'--'----
I o:;s I I 3AO 

:--:--:--:--,--,------
' [8X81 [3X~I4x12[ 

'--:--:--:--:--,------

' I 8X10 I I 3XO 

, __ , __ 1 ___ ----'-------

1 I I I 

' I 8X12 I I 3X6 I 4~:2 I ' __ , __ , __ 1 ___ 1 ___ , __ 

' OVER I s;E NOTE 1 

'" ' 
• Dougl~• fir or ~qmnl~rct with a b~nd~ng strength not less thon 
1500 psi. 
·~ Ho..~ufactureci >nembers of O'f"iValC:l.t suengtlc >=y be substitutoct for 

TABLE C-2 .2 

1"1MSER TRENCH SHORING -- HINIH\JM T!l-EEER R~~:JIREMEHS • 

SOl!. TYJ>E. E flat • 45 X H + 72 psf 12ft Surcharge) 

SIZ~ IS451 AND SPACING OF KE;l-<BERB " 

DEP!H 

CROSS BRACES 

I Note 1[ 
___ 1 __ , __ , __ ----' 

' OVER I SSE NOTE 1 

'" ' -'---------
TABLE C-2.2 

Tlf!BER TRE~C:H SHOR!NG -- MIN!M"UM TI!-!BER REC.UIREME'.NTS * 

SOIL TYPE S P{ol ~ 4~ X H + 72 psf {2 ft Su=~harg~l 

ICo:>tirtueciJ 

SJZE {S4S) ANJ SPACING OF ME.MSERS •* 

DEPTH I 
WALES 

TREUC:HI I VERT. M.>\Xli-!V'H ALLOWABLE HORIZONTAL SPACl)IG 
I IS?ACING[ IFEETI 

: SIZE : :--,--,,--,--,-----

IF2E:q I lrNI I IFEETI I CLOSE I I --:----:--:--'--:--,------
1 I I 3Xl2 I 

I ~Xe I 5 I I I jX6 I I .!Xl2 
, __ 1 ___ 1 __ , __ , __ , __ , ____ _ 

I I I I I I I 
TO I I I I I 

10X8[5[ [JXO[ 14X81 

'--'--'~---'--'--'--'-----· 10 I I I I I I I 
I I I I I 
I BXlO I I I 4~8 I 

--:--'--'--:-- -:-------
--:----'--:-- --- ------­

' I SXS I 5 I :JXO I 4Xl0 i I I 

'--'-·~'-·---'--'--'--'----10 I I I I I I ' 
I I I I 
I lOXJO I I 3X6 I HlO I 

TO ~---:--:-- --:- ___ I __ -----



1X10 

" ---------:--:------
-------,----

I BXlO I I 4X6 

" '--:--:----:--'-------
' ; 10Xl2 I I 4X6 

" '--:--:--,--'---------
i lZXl2 I I 4)(6 

'" '--:--:--,--:--:-- -----
' 

--:----'----'--'-- -----

OVER I SEE NOTE l 

+ Douglas fir or equi.,-,.hnt ><ith " Pen<iing ~trength not les~ than 

1000 psi, 
•• ManuhctU'<~d members of GquivalGnt strength "'-"Y be s~bstOtuted fo= 
wood. 

TABLE C-2.3 

TIMBER TRE:NC:ff SHORllfG -- MlN!MliM "l'!M3ER REQUIREMEN~S * 

SOIL TIPE C: P(oc) ~ SO X It+ 72 ~Bf 12 £t Smcharge) 

SIM (S~S) AND SPACING OF M~ERS +• 

----------
DEPT!! I 

' 
HORIZ.I WrD"l'E Of TEENCH (FEET) 

TRENC:R:S~I\C!NG:--,---,---,--,, __ 

I I liP TO I UPTD I U~"l'D I U~To I 

(fHTJI IFEE~JI 4 I 6 I 9 I 12 I 

--'--'--'--'--'--' I I I I I 

TABLE C-2.3 

UP TO I 

" ' 

VRRT. 
SP.~CING 

I FEET) 

TIMBER TRENCJI SHORING -- MIIHMUM TIMBSR REQUIREMENTS * 

TRENCH[ 

' 

son, TYPE C P(al ~ 80 X !I + "l2 ps! 12 ft s,=ch~cge) 

(C:otttinu~d] 

SHE [S4S) AND SPACING OF M8MBERS •• 

WALES 

I VERT, 
]SPACING I 

UPE!GHTS 

W!XIM\!M ALLOWAEL~ HGR!ZGNTI\L SPACING 
(FEET) 

I SUE : :----,----,---.---,--------
' ii'1'RT) I (IN) II.FBET) I CLOSE I I I I 

--:--:--:--:--:--:--:-----
1 I I I I I 

I 8X8 I I :JX5 I I 

'--:--:--:--:---~--'-----
' ' ' I lDXlO I 5 I ~XO I I 1 I 

10 :--:--:--:--:--:--·--:-----

1 I I I I I 
I 10X12 I 5 I :JX6 I I I I 

:--:--:--:--:-~:--:-----
' ' ' I I I I I I I 

---:--:--:--:--:--:-~:-----
' ' ' 110Xl~l I~XO I 

JC :--'--'--'--:--:-------

' ' I 12Z12 I 5 I Hfi I I 1 

TO :--:--:-, --:--:--:-~:-----
1 I ' I I I 
I I I I I I 

15 :--:--:,-; --:--:--:---:----

' ' ' I I I I I I I 

--:--:--:--:---:--:--:----

I UP TO J I 
IS I OX~ IOXO IOXO I OX& I BXB I 

'--'---'--'--'--'--'-----
1 I I I I I I 

TO IUPTOI I I 
I 8 I 6K6 IOXO 16XO I SXS I Bxa I 

10 :--:--:--:--:--:---:-----

1 UP TO I I I I 
I 10 I OK6 I OX£ I BXS I BXB I SXS I 

:-·--:---~:--:--:--:~-:-----
1 See I I I 
I Not~ II I I 

--:--:--,--:----:--:-----
1 u~ "l'D I I 

6 I 6X8 I oxs I l>XS I sxa I SXS I 

10 :--:--:--:--:---:--:-----

1 UP TO I I I I 
I 8 I OXB I SXS : BXB I SXO I SXS I 

TO :--:--:--:--:--:--:-----

1 s- 1 

1 Note 11 I I I I I 

15 :---:--:--:--:--:--:-----

1 See I I I I 
I Not~ 11 I I I I I 

--:--:--:--:--:--:--:-----
1 UP TO I I I I I I 
I 6 I BXS I SXB I BXS I BXlO I SXlO I 

15 :--:--:--:--:--:--:-----

1 SGe I I I I 
I Not<' ll I I I I I 

TO :--:---:--:--:--:--:-----

1 See I I I 
I Note <I I I I I I 

20 :--:--:--:--:---:--:-----

1 See I 
I Note 11 I 

--:---'--'--'--'--'-------
OVER I seE NarE 1 

" ' 

OVER 

" 

'-----------------------------

10X12 I 4X6 

--'--------
' 

--__ , __ , __ --
' 

SEE NOTE l 

* Douglas :Eir or equivalent with o bending strength not less th~n 

1500 psi. 
*• Man#actured -~.lo> of ea_uivale"~ strength "'~Y be substHut~d fo~ 

wood. 

Alternatives to r!IIlberSl!oring 

Figure 1 - Alw-ainwn Hydraulic Shoring 
(?or Figure E-1, Click !lo~e) 

E'igure 2 - Pr..,umo.tic/hydc~uHc Shoring 
{Oor Figure E-2, CLick Hare; 

f'igure 3 - Tre~ch J"~cko {Screw Jades) 

Figure ' - TreC'ch Shields 
{For Figure E-3 & 4, Click li.,_re) 

The following figures me a grnphi~ sunnnmy of~w requirements containOO in subpart P for 
excavations 20 feet or less in depth. Protective syslcrns for us~ in excavations mere trum 20 feet 
in dcpili must be designed by a registered professioo:d engineer in accordance with 
1926.6S2(b) and (c). 



Is thE e'~antion :cor~ Sl.op>ng ~el~cte<l as th~ 
than 5 feet in ci~ptC.? In"nGd u[ pr~tect'oon 

I Is ~C.ere potontial 
for c~-,~-in? 

I Is th~ excavation 
entirEly in 
stabh rock? 

l!O HS 
'--· __ I Excc'r~tion may bo tnacie 
I I ><ith verticc) >i<ies. 

' ' 
' 
' 
' ES NO 
_____ I O:~ca-;oUon must. bo \ __ _ 

Sloping 

s~locted. 

I ~lo~ed, shorEd, or 
shidd9d. 

Shoeing or shiel.ding 

solected. 

--'--- ---'--
I Go to Figure 2 I Go to Figme 3 

'----

f'GURE l - PRELlHlNMY DECisiONS 

Shoring or shiel.di~g selected 
as che rnethod of rrotection. 

,----
1 SoH C\es~i!"icotion is r~quirod 
I when ~~.orin~ or snieldiog is 
I u~~- ~he excavation rru~t Coonpl.y 
I with o"·" af the fo:J.owing four 
I options' 

O!}tlon 1 

1 Sec. 1.S26.6~2(c) nJ wh~ch requi.ros ( 
I ll?pendices A ~nd C to Pe follo-,.,ed I 
I {e.g. ci~l:>er toho~ln~). 

Option 2 

Soc. 192G.652{c) (2) ·.,:,;_ch reguires 
I manuhctucers dote to be follooed I 
I {e.g. hydraul.ic ~hor~~g, trench 
j~cks, ah shore$, si".ioldsl. 

Optic~ J 

S~c. B20.052{c) (3) which r~guir~" I 
tabuhted dot~ (see OoOh-tition) to I 
be i:ollowcd {a. g. ~r.y sysOcrr. as I 
p~r the tabuhted data) . 

Oplion 4 

s~c. 1926.602(c) (4) ~-hich requiHe I 
I tho excavation to he dodg~ed by a I 
I register~d profe~donoO en9i~~~" I 

{e.g. ~ny <1~-•ig~ed syotom]. 

F!GLIR~ 3 - SKOR!NG liND SiEELDlHG O?TiONS 

i Will ooil closoOfic~ti.on 
te mod~ in accordane" 

,;ith Sec. 1926.652(0)? 

I RxcovaOion "'--L~t comply with I 
I one of the !'oll.o•·ing tl'.roe I 
( option•• I 

' 
' Option l• I 

Sec. 192~.652(b) (3) which 

•~quires llppendic~s ~. 
~nd B to b~ fo~low~d 

Sec. 1926.1i02(b) (31 which 
I requires other tabuhted 
I d~ta (se~ defirtltion to 
o~ follo·•ed. 

Option 3• 

Sec. l926.652(b) (41 which 
requires tho exc~vtltio~ ~o 

' 

I he <lcsigne<\ by ~ registHed I 
I ?.COfe~slo~al. engirtee>;. I 

' ' 

I Exc,;vqtio~£ mu~t comply 
I with Sec. 192~.652(b) (ll 
I •·hich r~q_uires a ol.o~~ 
I of) 1./Z R•l-V (3~ <leg.). 

' 

FIGURE 2 - SLOPING O~IONS 

ATIAOIMENf A 

TEST PIT LOG 



r:··-.,.1~"-'"".· 
.... , ......... 

~~¥ :;;. 
r:... ... ;r 

I 
1:.. I 
~·· 

,.,_:-· 
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Flame ionization detector (AD}- detec! and measure organic vapor concentrations by producing 
a re.1ponso tn an nnkDown sample, which can be relmed to a gas of known composition with 
which the instroment ha£ previously been calihrated 

4.0 RESPONSIBILITIES 

ProJect Manager - The Project M~nage~ is responsible for ensuring that, where applicable, 
project-specific plans are in accordance with these procedures, or that other approved procedures 
are developed. Fmthermore, the Project Manager is responsible for development of 
documentation of procedures, whkb deviate from those presented herein. 

Field Te11m Leader - The Field Team Leader is responsible for selecting and detailing the 
specific equipment to be used, ;md documenting these in accordance with the Sampling and 
Analysis Plan. It is the responsibility of the Field Team Leader to ensure thru: these procedures 
are implemented in the field and to ensure lhat personnel performing sampling activities have 
been briefed and trained 10 execute these procedures 

Excavation Personnel - It is the responsibility of !he excavation personnel to follow industry 
guidance or project specific procedures for vacuum excavation. The Excavation personnel are 
responsible for the prope-r collection of soils oru1. backfilling per the approved SAP. 

5.0 INTERFERENCES AND POTENTIAL PROBLEMS 

See Section 9.0, Health and Safety. 

6.0 EQUIPMENT AND SUPPLIES 

Potential eqllipmen! needed for site environmental work may include: 

MiniRae® 2000 (PID unit) 
TV A 1000 (PIDIFID unit) 

Field data sheets 
Decontamination equipment 
Maps/plot plan 
Safety equipmem 
Compass!Global Position System (Of'S) 
Tape measure 
Survey stakes, flags 
Cllll1eta and film 
Logbook/waterproof pen 

7.0 CALIBRATION PROCEDURES 

7.1 Calibration of the TVA-1000 
The .<iX steps involved in the calibration of the TV A-1000 are as follows: 
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NOTE: TillS SOl' IS A. GI>NERA-1. IJOCUMENT. SITE-SPI>CifiC CONDfi'IONS MAY WA.RRANT 
CIL\NGES IN PROCEDURES AND A.PPLICATIONS. FIELD STAFF SIL\LL DOCUMENT ACTUA.L 
Pll.OCEDURES IN TilE APPROPRL\ TE fiELD LOGBOOK. 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) describes the procedures for opera~ng and 
maintaining PlD or a combined PID/FID unit_ The purpose of this SOP is to document the 
general protocols for field operations of the selected units. 

The Foxboro Toxic Organic Vapor analyzer (TV A-1000) wil! be used to measure organic vapors 
using multiple detectors, include the photoionization detecto~ (PID) and a flame ionization 
detector (f'ID). The MiniRae® 2000 which uses a single dete~Ctor (PID only) uses an ultraviolet 
emiuing lamp designed to detect, n1easure and display !be total concentration of airborne 
ionizable gases and vapors_ This information is used to determine cootJ:Ol measures such as 
protection and action levels_ The PID also detects total ionizables; hence it is used to monitor 
both organic and inorganic vapms and gases 10 determine relative concentrations of air 
contaminants. The dam generated is used to establish level of protection and other control 
measures such as action levels. The PID cannot effectively detect compounds having ionization 
potentials above the photon energy level of the lamp used; therefore, methane, which has an 
ionization potential of 12.98 eV, cannot be detEcted by PlDs, whose lamps are capable of 
producing 9.5, 10.6, or 11.7 eV_ 

The FID is designed to detect and measure organic vapor concentrations by producing a re.<;p<>use 
to an unknown sample, which can be relateil to a gas of known composition with which the 
instrument has previously been calibrmed. This information is useil to determine control 
mea£mes such as protection and action levels. 

2.0 SCOPE AND APPLICATION 

ADs and Pills are used to <ktec! and measure volatile organic compounds. An AD or PID is 
typically calibrated to measure the concentration of a known calibration gas. The insiO!ment can 
detect other voh!tile organic compounds, bm the concentration indicated wl\l not be accurate. 
Therefore, these instruments are typically used in the field to screen samples or to monitor the 
environment for health and safety purposes. 

Only qualified personnel will be allowed to perform measurements with ADs and/or PIDs. The 
subcontractor's Site Safety Officer will determine who is quolified based on experience and 
demonstr~ted competence. Those qualified will use F\Ds and PIDs in acconlance witb this SOP 
and the mannfacrurer's written instructions 

3.0 DEFINITIONS 

Photoionization detector (PID) - ultraviolet emitting lamp designed to detect, measure and 
display the total concentration of airborne ionizable gases and vapors. 
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1. Tum TV A-1 000 unit on and allow to warm up. Define concentrations for Span gas for 
both PlD and FID 

2. PID uses lsobutylene nt 100 ppm, and the FlD uses Methane a\100 ppm. Zero TV A· 
1000 utilizing zero gas. Calibrate the PID utilizing lsobutylene atlOO ppm 

J. Calibrate the FID utilizing Methane at tOO ppm 
4. Update the background concentration. 
5. Check values for PID/FID and record these as Calibration Concentration either in Field 

Logbook or on Dam Sheet. 
6. Che<:k PlD/FlD zero. M>Oke sure reoding return to zero prior to utilizing for collecting 

VOCre.adings. 

TVA-1000 should be calibrated ro a minimum every <hly at the beginning of shift, when unit is 
started, or when baseline shows exces.1ive drift. The calibration concentration should be within 
10% of known value. 

7.1.1 Maintenance 
Removable and renewable part.< are included in the Foxboro TVA-1000. The components that 
may be maintained by operating personnel on an as needed basis include the following: 

Battery 

Hydrogen Tank 
• Sintered Metal Filter 
• Cleaning of PID/FID lamp 

The following sections descn'be the routine maintenance and instrument adjnsunents that can be 
made by trained personnel on a quarterly basis. 

PID cavity- sbould be removed and t:leaned, replaceil if needeil 
FlO cavity -should he removed and t:!eaned, replaced if needed 
Sample line Fitting- replaceil if damaged 
FID end cap and flame arrestor- removed and cleaned, replaced if needed 
Tubing-replaced if damaged 
Charcoal Filter (if applicable) -have charcoal replaced 

Water trap (if applicable) - membrane or membrane support replaced if damaged or worn 
Filter cup;- cleaned or replaced 
Clo.1e area sampler- ehecked for <hlmages or clogging, replace if damageil or dogged 
PID Cartridge- cleaned thoroughly 
FID Cartridge- cleaned ~1oroughly 

7.1.2 Batlery and Batlery Charger 
The Ni-Cad battery, supplied with the unit, lasts for a minimum of eight hours of continuous use 
at20"C. Severe cold andforuse of the backlight, however. will shorten that time. 

A battery charger unit with cable is shipped with the instrumenL Yon do not have to remove the 
battery far charging. Simply plug th~ output of the chMger, a 6-pin molded connector, into the 
mating connector mm-ked CHRG in tile instrument Then, insert the charger plug imo the 



PageS ofUl 
SOPF206 

appropriate wall cutlet. A green pow"f indicator is ON when the charger is opernling. Normal 
charge time for a fully discharged battery is approximately 16 hours, or two hours of charge for 

every hour of use. 

Do not !eave the battery on charge for =tended periods (greater than 96 hours). If you wish to 
rcmov~ the battery for charging or swapping with a spare battery, turn the instrument off. Using 
the spetial tool supplied with the acce.<;sory kit, unscrew the screw on the battery companment 
cover on the rear of the instrument and remove the battery cover. As the battery pack fits snugly 
in the instrument housing, use care in removing the bottery pack and its internal connector. As 
yon remove the battery pack, note the location of the battery connector. When re-inserting the 
battery pack in the instrument, be sure to push the connector into the same location, so that it 
doe:s not interfere with the battery pack. 

To charge the battery when removed from the instrument case, use the adapter supplied with the 
accessory klt. 

7.1.3 Hydrogen Gas Tank 
FID"type instruments are supplied wi!h an 85 cc hydrogen gas tank. This tank, which may be 
pressurized to 2200 psi maximum at 25QC will provide 6 hours operation when fully charged. 

The tank has an integrally mounted high pressure gauge thar can be easily read when the tank is 
in or out of the instnJment. Yon may install the tank in the instrument by simply inserting the 
!auk into the recep!aole on the left side of the instrument and tightening (left band threads) until 
the tank seats. Do not overtighten- the D-ring, nO! tile thread, forms the gas seaL 

To fill the tank, use the following procedure: 

L Tum supply tank valve OFF. 
2. Atmch rnnkfill adapter tD supply tank with valve OFF and with manifold valve on OFF 

position. 
3. Attach TVA"lOOO hydrogen tank to tank fill adapter. (Note left band thread-do not 

overtighten) 
4. Open supply valve. Move fill adapter valve 10 FILL position. 
5. Wait for TVA-1000 tank to fill. This may take 2 to 3 minutes because of flow restricto:rs in 

the tank aiJd fill adapter. 
6. Close fill adapter valve. 
1. RemoveTVA·IOOOtank. 
1). Close supply tank valve. 
9 Move fi11 adapter valve 10 BLEED position. 
10. Remove tank fill adapter. 

Always remove the tank from the instrument before opening the in$trument case for any reason. 

7.1.4 Servicing the PID Cartridge 
To service the Pill cartridge, use the following procedure: 

l. Tum the instrument OFF. 

• Replacing the probe tubing 
• Replacing the sampling pomp 
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The manufacturer's operating manual will be used for the operation, calibration, maintenance, 
and care of FIDs and Pills. The manual will be present on site at all limes 

7.2 Calibralion nf the MiniRae® 2000 

The MiniRae® 2000 PID will be used to measure organic vapors. The PID uses an nluaviolet 
emitting lamp designed to detect, measure nnd display the total concentralioo of airborne 
ionizable gase,1 and vapors. The Pill detects total ionizables; hC!lce it is used to monitor both 
organic and inorganic vapors and gas"' to determine relative concentrations of air contaminants. 
The data generated is used to establlsb level of protection and other control measores such as 
action levels. The PID cannot effectively detect compounds having ionization potentials above 
the photon energy level of the lamp used; therefore, methane, which has an ionization potential 
of 12.98 eV, cannot be detected by Pills, whose lamps are capable of producing 9.5, 10.6, or 
11.1 eV. A I0.6eV lamp is typically wed unless otherwisespecifiedforprojectreqnlrements. 

PIDs are used 10 detect and measure volatile organic compounds. A Pill is typically calibrated to 

measure the concentration of a known calibration gas. The instrument can detect other volatile 
organic compounds, but the concentration indicated will not be ac<:Urate. Therefore, the.<;e 
instruments are typically used in the field to screen samples or to monitor the environment for 
health and safety purpose.<;. Only qualified personnel will be allowed to perform measurements 

with PlDs. 

7.2.1 Calibration Procedures 
Calibration will be performed prior to Pill use every day the instrument is used, and recorded in 
the field log-book. The following additional information shall be recorded: 

L Date/Time of measurement 
2. The first meter reading obtained with oalibration gas to either adjust im;trument or note 

bow far off !he instrumem is drifting 
3. Results 
4. Calibrator',; Name 

Calibrate the MiniRae® 2000 by taking a sample for ZERO using the charcoal filter provided 
with the instrument. The SPAN sample must be a known concentration of a calibration gas. 
lsobutykne (!BE) at 100 ppm will be used. Enter the C,oncentmtion of the span g:.s (diop!ay reads 
GASCONC) then assign a sensitivity level for the gas to be measured {display reads Respon.~e 
Factor). 

Two calibration technique.<; are available using the MiniRae® 2000· fre~h air calibration and 
spang"< calibration_ These are de.<;cril>ed in the follow)ng sections. 
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2. Using the spedal spanner wrench provided with the inslrUment tool klt, unscrew the blue cap 

holding the PID cartridge in place. 
3. Using the special extractor tool provided with the necessary klt, screw the extractor into the 

caruidge. (Do not exceed three full turns.) 
4. Remove the canridge hypnllingon the ex!:nlctor. Unscrew the extractor from the cartridge_ 

Clean or replace the cartridge. 
5. To insert a new cartridge, reverse the procedure. Note that tl1e standard 10.6 eV PID 

cartridge is marked with a blue band. Other energy level lamps are marked with different 
colors (not red). 

To cl~an a PID lamp window, use the following procedure: 

1. Remove the cartridge from the instrument, as de.<;cribed above. 
2. Clean the window of the lamp, using the materials suppled with the optional PID lamp 

cleaning kit. Follow the instructions included with tlre cleaning klt, l>eing careful never t<, 
touch tlre window with your bare fmger-s. 

3. When the cartridge is dry (dry at 40"C to 55"C for l hour}, screw the extractor into the 

cartridge and re-inserr it into the instrument. 
4. Screw in the blue PID detector cap, using the special spanner wrench supplied with the tnol 

klt. Do not overtighten cap. 

7.1.5 Servicing the FID Cartridge 
To remove the FID cartridge, use the following procedure: 

L Close the hydrogen supply valve on the side of the instmment. Tum the instrum"lll off. 
2. Using the special spanner wrench provided with the instrument tool kit, unscrew the red cap 

holding the FID cartridge in place. 
3. Using the special extractor tool provided with the accessory klt, screw the extractor into the 

caruidge. 
4. Remove the cartridge by pulling on the e~tractor. Unscrew the ex!:nlctor from the cartridge_ 

Clean or replace the cartridge. 
5. To insert a new cartridge, reverse the procedure. Note that a FlO cartridge is marked with a 

red band. 

To dean a Fill cartridge, you will need a ootlon swab and some isopropyl ~!coho!. Dip the swab 
into the isopropyl alcohol and insert it into the center of the cartridge. Swab the surface until 
olean and discard the swab. Then dry the cartridge in an oven at 45'C to SS'C for one hour. 
When dry, re-insert the cartridge into the instrument, reversing the removal procedure. Do Not 
overtighten cap. 

7.1.6 Other Maintenance 
Additional optional features and m1lintenance activities for the TVA-1000 are listed in the 
operator's manual. Please see the manual for protocols on the following: 

The use of the telescoping extension option 
The use of the activated charcoal scrubber 

• Cleaning or replacing a sintered metal probe filter 

Fresh Air Calibration 

l. The f"nllt sub-menu shows: "Fresh airCalT' 
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2. Make sore that the MiniRae® 2000 is connected to one of the "fre.<;h" air sources 

(charcoal filter) 
3. Press the [Y/t] key, tl!e display shows "zero in progress" fo11owed by ''wait ... " and 

countdown timer. 
4. After abont IS seconds pause, the dispby will show the me.<;sage ''zeroed reading= x.x 

ppm .. " Press any key or wait about 20 seconds, the monitor wlll rerum back to ''Fresh air 
CalibrationT submenu. 

5. The charcoal filter h"' a check box so that user can mark off a box each time the filter has 
been used. The cbarcoal filter should be replaced after 4 calibrations. 

Span Gas Calibration 

This procedure detemtines the second point of the sensor calibration curve for the sensor. A 
cylinder of standard reference gas (span gas) fined with a 500 cclmin. flow-limiting regularor or 
a flow-matching regulator is needed to perform this procedure. Choose 500 cdmin. regulator is 
needed to perform this procedure. Choose 500 ccfmin. regulator only because the flow rate 

matches the flow rate of the pump inside. Alternatively, the span gas can fip_;t be filled iruo a 
TedlarBag. 

1. Connect !he calibration adapter to the inlet port of the MiniRae® 2000 monitor, and 

connect the tube to the regulator or Tedlar bag. 
2 Make sure the monitor is connected to one of the span gas oources described above. 
3. Pte:;s the [Y/+J at the ~span Ca\1" to start the calibration. The display shows the gas 

name (Isobntylene) and the span value of the corresponding gas (100 ppm). 
4. The display shows ~Apply gas now!" Turn on the valve of the span gas supply. Display 

shows ~wait. ... 30'" with a count down timer showing !he number of remaining seconds 
while the monitorperfmrns the calibration. 

5. To abort the calibration, pre'" any key during the count down. The diopby shows 
"Aborred!" and return to US pan Cal?" sub-menu. 

6. When the count down timer reaches 0, the display shows the calibrnted value. The 
reading should be close to the span gas value+ 10 ppm. During calibration, the monitor 
waits for an increased signal before starting the countdown timer. If a minimal response 
is not obtained after 35 seconds, the monitor displays "No Gas!'" Check that the span gas 
valve is on and for lamp or sensor failure before trying again 

1. The calibration can be started manually by pressing any key while the ~Apply gas now!" 
is displayed. After a opan calibration is completed, the display will show the rnes~agc 
••sPan Cal Done! Turn Off Gas" Turn off ~~" flow of gas. Disconnect the calibration 
adOpter or Tecllar bag from the MiniRae® 2000 monitor. Press any key and it returns 
back to "Span Gas Cal!" 

' 



7.2.2 Maintenance 
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Removable and renewable pans are included in the MiniRae® 2000 maintenance kiL The 
romponems that may be maintained or replaced by operating personnel include the following· 

e Batlery 
• C.libration Gas Tank 
• Charcoal Filter 
• Tubing 
• Moisture Filter 

The manufacturer's operating manual v.ill be used for the maintenance and care of the PlD unit. 
If p-oblem:s should occur, the tcouble·shooting gcidefo1111d in Table 7 2.\ of the MiniRae® 2000 
operating manual (page 7"1 and 7-2 of Attachment2), should be consulted. The manual will be 
present on site at all times. 

8.0 QUALITY ASSURANCE RECORDS 

Use of any Pill or PIDIFID analyzer will be in accordance with the Health and Safety Plan or 
other SOPs reqniring its nse. Obo<m'atioru; or calculations will be documented by personnel in a 
bound, waterproof field notebook. Entries may also be entered on boring logs. Entries will be 
signed and dated by field personnel rrmking the entries and wi\1 include daily calibrntious. At a 
minilDilm the following will be recorded: 

Datelfime of measurem<mt 
Initial Response -Initial Response is the first meterreodillg obtained with calibrntion gas to 
either adjust instrument or note how far off the instrnment is drifting 
Calibration protocol (last calibrntion date/time) 
Results 
Calibrator's Name 

Specific quality assnrance activities which may apply to the implementation of these procedures 
include the following: 

All ruua must be documemed on field data. sheets or within site logbooks.. The following 
infonnatlon shall be recorded in the field logbook 

Project location, date and time. 
Weather. 
Excavation location number. 
Sketch of e~cavation location iodnding boundaries ofbnildings, roadways, etc. 

All excavation equipment must be oper•ted by the excavation vendor using licensed 
professionals in accordance v.ith operating instructions. 

Attachment 1 
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Equipment checkout must occur prior to sampling/operation and they must be 
documented, 

9.0 HEALTH AND SAFETY 

The major hazard associated with the handling the TVA-1000 is hydrogen which is flammable. 
The following specific rules apply when handling hydrogen: 

I. Never use cylinders of hydrogen in areas where flames, excessive beat, or sparks may occur. 
2. U1• only explosion-proof equipment and sparkpmof tools in areas where hydrogen is handled. 
3. Ground a!! equipment and lines used with hydrogen. 
4. Never use a flame to detect hydrogen leaks- use soapy W>llet. 
5. Do not store reserve stocks of hydrogen with cylinders containing oxygen or other highly 

ox.idizingorcombustibl~ materials. 
6. Store hydrogen tan&.s in well ventilated area. 

The major hazard associated with the handling the MiniRae® 2{)()() is associated with the use of 
e~ternal jacks and battery charging. Do net connect external cable to serial interface jock, or 
charge banerie.s in any hazardous environments. 
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W.ARNJNG: Do n« t:OMJ«t ....y da;trkal det!la (:sucb .,. ~charger, ana­
log ouqw~ pencmal Co'11fJJ"Ur, or awdllllry ponthvke)"' 1M l..wn.,..mr 1n "" 
aru cltmtfl~d aJ bao:ardow dut! 10 tbe presence of jlammabl¥ ga.a or wpors. 

Standard Specifications 

-- PID Irutrrnnmt ~5% of r=ding or ±2.5 ppm, which over is 
gn:<lttf, &om O.S m !iOO ppm. kruracy listed is ochicvcd 
wing isoburykne with a I "Point cilibr.uion in the nnge from 
I 00 m 300 ppm (including dri&} at m~ n:mpcature and 
humidity.ofthc cilibration.. 
FID /nsmmtmt-':5% of r=ding or ±2.5 ppm. wbid:.eRr is 
g=t£f, &om 1.0 to 10,000 ppm.Ao:uracylisrr:d isachi=d · 
wingmethm~ with a I"JJIintr;:alib .. tion in !hewtgo from 100 
w 500 ppm (including drift) um~ n:mpcramrc and bwnidity 
of m~ cillbmion. 

Repco.r.hllity PIDI~ :tl% at 100 ppm nfisnbutylm~ 
FID /nrtrJmrmt- :2% at 100 ppm of miOihane 

AnologOurput Two anolcg ourput rignol., 0 ro l V de:. proportionol to the 
.;ount ou!put &om each deteaor. -- PJD-.... 0.5 to 2.000 ppm ofisobuty!me 
FID honnm.nu-l.O to SO,OOO ppm of mcc:banc 

Uoca:rltmge PID--.., 0.5 to 500 ppm ofU..bony!en~ 
FJD /nnrwnmt-1.0 m 10,000ppm ofmahanc 

Minirnum~lc The minimum de=tohlc k.d io defined at rwo times .be pc:U-
I=l to-peak noise. 

PID .hrsfrummt-100 ppb ofben.z.o:nc 
F1D hutr.tmmJ- 30(1 ppb ofh=ne 

Response: Tim~ wing PID /n.rtnm~m~ Lcs.than 3.5 =nth fer 90% offi.W value:. 
do...an:a=nplu wing 100 ppm of isobucykne 

FID !~.:_Leos than 3.5 ucond.s fur 90% of final 
value, using 10,000 ppm of methane 

&covc:ry run~ wing PID !11Stntmmt La$ than 5.0 -=>nds ti> renun m )0% of 
do...=:wnplor base: line, using 100 ppm ofisobueyknc 

FID !11ftr1lmem- Lcr: than 5.0 scccnds m rerum to J 0% of 
ba.eline, wing 10,000 ppm of merhmc 
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R«po,.., 1ime wifll tde- PID 1rut:ntmmr l.esl than 5.0 _.,ncb IQr 90% of final v.due, 
occping wand t:QC!Ider wing IOOppmofisclburylcne 

FID 1--t-l.els than 5.0 =ncb for 90% of final v.aluc, 
wing 1 0,000 ppm of meth:me 

RcaM:ry lime wing clc- PID !ns~:nm~mt las than 5.0 seconds to mum to HI% of 
11e0ping wwd a:render lmc: line, wing 100 ppm ofioobutylcne 

F/D 1ns~nmotJ~t-l..ess than 5.0 J<:O:>nds to mum to 10% of 
1-e line, using 10,000 ppm of methane 

R=ponsc lime using PID 1nstnmrmt- Less than 20 seconds for 90% of lim.l 
charcoal fil= adapter v.alue. wing 1 00 ppm ofimbutylme 

F1D 1-t-L= than lO .. .:onds for 90% of final 
v.alutt. wing 10,000 ppm of meth:me 

RecuveJy Time wUlg PID /M:nmfmt Less rhnlO scconcb ro rerum to 1 0% of 
ch:moal filreradaptcr original v.aluc, UJin& 100 ppm ofilobul)'lerte 

FID 1IISirUmmt-Lt:u than20KCOnds 10 mum to 10% of 
origino.lnluc, uiing 10.000 ppm of rnerh:mc 

Daa. Smrap R= From I per JeCOJid to I pu m minu=, user ukcable 

Sanplc Flow Rate I Uminuu. nominal, at o:unple pmk i..:lu ... .., The bartay can beli.dlydwpl in less tb:on 16 hours. The 
bmc:ry opcm;ng Orne is 8 boUu minimum at 20" (3l~F). l.JK 
of the l=kligh1 on the probe displayshonc:ns baacy lifi:.. The 
hmc:ry is Rpiul=hle by ra'IIOI'iDg the bouom w= of the 
instnlmmt. 

(WARNING:~ .Ut refoa lwtte:ry in"''- d.srifoJ111 
~k•~7am«'.f~lez-snwpm.) 

Jlo.ttcyChaJEU The bancyc:b:ugerila~un.ir designed m be mounted on 
a tWic top. lc ir ap@le of apcn.rlnr; the :m:alyzcr while rirmU~:~· 
nccwly dtalging the i11mnal bo.m=y. An :ubpcer cable U pro-
'lidccl to ~ the lwwy akly 6-<lm the charger. The chugcr 
can clwge&fullyd~banay in & mnimum ofl6 houn. 
Owging uka: longer if pcr{Qrmod while the in1ttummt is npcr· 
aling. Two types of~an:aniloblc, one for 120V K50160 
Hz and anathcr for 230 Vac, SOI60 H~. 

(WARN1NG:~~~~f'Jmtk~~in""'.-dmifotl~~:r 
~itu11>~6jfi--U&p=n.wpmJ 

PIDI.ampl.i!i: G~e~ow tb:an 2000 holm for 10.6 eV bmp, with namW dc:aning 

FIDl.ifc G~e~o~er than 2000 bnun 

lwdio Output Lc.d G~CUer than 75 d8 at 3 feet 

Attachmentl 

-
Gu Cylinder Capacity ~ 15.3MP:an2S"C(l200pUar77"Pl mnimum 

£~¥!)'- 85 co: {5.1 ~Jnl) 

Hydrop. Supply Gn:oter'thall8 hauu of conclnuous opcr:uion, starting from 1 

OpmrlngTime cylinder charged up Co 15.3 MJ':a (2200 p5i) 

Enclosure De><:ription The ....!per eru:lomn: :md 6-<lm pand an: maclc from a thor-
moplmi' material. The .opprm:imate dimcnsian5 an: 343 x 
262x81mm (13.5 o.: 10.3o.:3.2 in). Thceru:lnsure i•dcoigned to 

provide the rovironmcnW protccian ofNEMA Typc3R (rain, 
mow, and deer). 

Elcctrial lnterf:.o: Mmng li:lmlc Qlnncgon for AmologOutput, J<S..23l Interl'oco, 
Conncction5 U<l Bo.m=y Chngcr an: provided on the side of the amalyzcr QlC 

bdaw the keypad. 

Mechanical Connections Med=ial. Qlnnecians for Sample Inpur and for Vent Owlet 
t.re pnwided on the sidcrurfacet. 

Po- The .analyzer is de~igned to be carried by a rcrnovablc..hauJ.. 
dCf llnJI· The map. whic:b is pravided with every inmwnenr. 
dna not hiadcr the user when vi~ or using the analyzer 
fionr pand. The rmp is designed ID .uppan the pmbc when 
the imtmmcnt b ant in we. 

Twupnrtation Case A lpl!cially designed thcnnapla.srlc ~ is provided !Dr mN-

ponillr; the arWyzerand ;)) of its :~CC:~~UC~ries in a pcmorW 
vehicle or common carrier. lr is of rug:g.d conmuaion and io fit. 
tied 'lfilh shod: and. 'libntion D.bing matcri:al 

ToaiKit .An aa:=ory 1<><11 kit is provided with at:h innrumcnt. Tbelrit 
Q)ll(:ains opccia\ ron is for a=inr; the b.rrery and removing 
the dmcror c:ap$(1]..._ 

Apprmimate Masr ~(PJDp/sls FID)-5.2 k; (11.5lb) 
!nk~.-0.5Siq; (1.2\b) 
TMttJ..-i.n C....-!as chan4.5 kg (10 !b) 
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ATTENTION! 
For European Applications 

A. CE 0575 ® ll IG/2G 
DE:MKO 03 A TEX 0204759X 
Eex iallCT4 

B. Recharge batteries only in non-hazardous location~. 
C. Do not connect external cable to serial interface jack in 

hazardous location~. 
D. Use RAE Systems Adapter PIN 500-0072 for connection 

to communication port and charging jack only in a non­
ha:zardous area. 
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This manual must be carefully read by all individuals who 
have or will have the responsibility for using, maintaining, 
or servicing this product. 

The product will pelform as designed only if it is used, 
maintained, and serviced in accordance with the manufacturer's 
instructions 

CAUTION!! 

To reduce the risk of electric shock, turn off power before 
removing the monitor cover. Disconnect the battery before 
removing sensor module for service. Never operate the 
monitor while the cover is removed. Remove monitor cover 
and sensor module only in an area lrnown to be non­
hazardous. 

The model PGM-7600 equipment is elas~ified as to intrinsic 
safety for use in class I, division 1, groups A, B, C, D, or 
non-hazardous locations only. 
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Special Notes 

-I-
When the MiniRAE 2000 Monitor is taken out from the. 
tran5port case and turned on for the first time, there may be 
.some residual organic or inorganic vapor trapped inside the 
detector chamber. The initial PID sensor reading may' 
indicate a few ppm. Enter an area known to be free of any 
organic vapor and turn on the monitor. After running for, 
several minutes, the residual vapor in the detector chamber 
will be cleared and the reading should return to zero. 

-2-
The battery of the MiniRAE 2000 monitor will discharge

1 

slowly even if it is turned off. If the monitor has not been 
charged for 5-7 days, the battery voltage will be low.l 
Therefore, it is a good practice to always charge the monitor 
before using it. It is also recommended to fully charge the

1 
monitor FOR AT LEAST 10 HOURS before first U5e. See 
Section 7 for more information on battery charging and 
replacement. I 
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A VERTISSEMENTS 

DANGER RISQUE D'ORIGINE ELECTROSTATIQUE: 
Nettoyer uniquement avec nn chiffon bumide. 

Pour des rai5ons de securite, cet equipment doit i!tre utilise, 
~ntretenu et n'ipare uniquement par un personnel qualifie. 
Etudier le manuel d'instructions en entier avant d'utiliser, 
d'entretenir on de reparer l'iquipement. 

Utiliser seulement ]'ensemble de batterie RAE Systems, Ia 
reference 012-3050, 012-3051 au 012-3052. Cet instrument 
n'a pas ete essaye dans nne atmosphere de gaz/air explosive 
aylmt une concentration d'oxygfne plus elevee que 21%. La 
substitution de composants pent compromcttre Ia 5Ccuritli 
intrinsique. Ne charger les batteries que dans emplacements 
designes non-dangereuse. 

La calibration de toute instruments de RAE Systems 
doivent Ctrc teste en expo5ant ]'instrument a nne 
concentration de gaz eonnue par nne procedure 
diitalonnage avant de me tire en service !'instrument pour Ia 
premiere rois. 
Pour nne securite maximale, Ia sensibiliti du MiniRAE 
2000 doit i!tre verifier en exposant l'in5trument " une 
concentration de '"' eonnue P" nne procedure 
dietalonnage avant cbaque utilisation journaliere. 
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WARNINGS 

STATIC HAZARD: Clean only with damp cloth. 

For safety reasons this equipment must be operated and 
serviced by qualified personnel only. Read and unden;tand 
instruction manual completely before operating or 
servicing. 

Use only RAE Systems battery packs, part nos. 012~3050, 
012-3051 or 012-3052. This instrument has not been tested 
in an explosive gas/air atmosphere having an oxygen 
concentration greater than 21%. Substitution of 
components may impair intrinsic safety. Recharge batteries 
unly in non-hazardous locations. 

The calibration of all newly purchased RAE Systems 
instruments should be tested by exposing the sensor(s) to 
known concentration t:alibration gas before the instrument 
is put into service. 

For maximum safety, the .accuracy of the MiniRAE 2000 
should be checked by exposing it to a known concentration 
calibration gas before each day's use. 
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GENERAL INFORMATION 

1. GENERAL INFORMATION 

MinillAE 2000 Portable VOC Monitor (Model PGM 7600) is a 
compact monitor designed as a broadband VOC gas monitor 
and datalogger for work in hazardous environments. It monitors 
Volatile Organic Compounds (VOC) using a Photo-Ionization 
Detector(PID) with a 9.8 eV, 10.6 eV, or 11.7 eV gas discharge 
lamp. Features are: 

Lightweight and Compact 
-Compact, light weight (19 oz.) and rugged design 
-Built-in sample draw pump 

Dependable and Accurate 
- Up to 10 hours of continuous monitoring with 
r~hargeable battery pack 
- De5igned to continuously monitor VOC vapor at ppm 
levels 

U5cr Friendly 
-Preset alarm thresholds for STEL, T\V A, low and high 
level peak values. Audio buzzer and flashing LED display 
are activated when the limits are exceeded. 

Datalogging Capabilities 
-15,000 point datalogging storage capacity for data 
download to PC 

MiniRAE 2000 consists of a PID with associated 
microcomputer and electronic circuit The unit is housed in a 
rugged ABS +PC case with a backlit 1 line by 8 character dot 
matrix LCD and 3 keys to provide easy user interface. 
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1.1 General Specifications 

Table I 1 
Portable VOC Monitor Specification 

Size: 8.2"L x3.0"W x 2.0"'H 

Weight: 

Detector: 

19.5 oz with battery pack 

Photo-ionization sensor with 9.8, 10.6, or 11.7 eV 
Wlamp 

Battery: A 4.8V 11250 mAH Rechargeable Nickel Metal Hydride battery 
pack (snap in, field replaceable) 

Battery Charging: 

Opemting Hours: 

Display: 

10 holliS charge through built-in charger 

Up to 1 0 hours continuous operation 

!line by 8 characters5x7 dot matrix LCD (0.4" 
character height) with LED back light 
automatically in dim light 

Range, Resolution & R.e.o;ponse time (t.)o): 

Isobutylene(calibratlon gas) 

0-99 ppm 0.1 ppm 2 sec 

100-1,999 ppm 1.0 ppm 2 sec 

20(){)..10,000 ppm 1.0 ppm2 sec 

Measurement Accuracy (lsobutylcnc): 

PID Detector; 

Correction Factors: 

Calibration: 

Calibration Memory: 

InletProb~ 

Keypad: 

0~2000 ppm: ± 2 ppm or 10% ofre~ding. 

> 2000 ppm: ± 20% of reading 

Easy access to lamp and sensor for cleaning and 
replacement 

Built-in 102 VOC pses 

Two-point field calibration ofzero and standard 
reference gas 

Store np to 8 separate calibration, alarm limit<; 
and span value 

Flexible 5" tubing 

I operation hy and 2 programming keys 
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2. OPERATION OF MINIRAE 2000 

The MinlRAE 2000 Portable VOC Monitor is a compact 
Monitor designed as a broadband VOC gas monitor and 
datalogger for work in hazardous environments. It gives real 
time measurements and activates alarm signals whenever the 
exposure exceeds preset limits. Prior to factory shipment the 
MiniRAE 2000 is preset with default alarm limits and the 
sensor is pre-calibrated with standard calibration gas. However, 
the user should test the instrument and verify the calibration 
before the first use. After the monitor is fully charged and 
calibrated, it is ready for immediate operation. 

Figure 2-1 MiniRAE 2000 

Direct Readout: 

Intrinsic Safety: 

EM Interference: 

Alarm Setting: 

Operating Mode; 

GENERAL INFORMATION 

lmaantaneous, average, STEL and peok value, 
ba!tmy voltage and elapsed time 

UL & cUL Class I, Division I, Group A,B,C,D, 

Temperature Code TIC {US & Canada); C€ 
0575® n lGDEMK002A1EX0204759 

Eex iallC T4 (Europe) 

No effect when exposed to 0.43 W/cm2 RF 
interference (5 watt transmitter at 12 inches) 

Separate alarm limit settings forLuw, High, 
SlEL and TWA alarm 
Survey or Hygiene mode 

Alarm: 90 dB buzzer and flashing red LEOs to indicate exceeded preset 
limits, low battery voltage, or sensor failure. 

External Alann: 

Alarm Mode: 

Real-time Clock: 

Datalogging: 

Communication: 

Sampling Pump; 

Temperature: 

Humidity: 

Housing: 

Attachment: 

Optional plug-in pen-size vibration alarm or 
remote alarm 

Latching or automatic reset 

Automatic date and time stamps oa data logged 
infonnation 

15,000 points with time stamp, serial number, 
user ID, site ID, etc. 

Upload data to PC and download instrument setup 
from PC through RS-232 port 

Internally integrated. Flow rate: 450-550 cdmin. 

O"to 45"C (32"to llJ"F) 

0% to 95% relative humidity 

(non-condensing) 

ABS +PC, conductive coating, splash and dust 
proof, will withstand 1 meter drop test with 
rubber bout 

Wrist strap, rnbber buot and belt dip 
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2.1 Physical Description 
The main components of the MiniRAE 2000 Portable VOC 
monitor include: 

Three keys for user to interact with the monitor: 1 operation 
key and 2 programming keys for normal operation or 
programming of the monitor 

LCD display with back light for direct readout and 
calculated measurements 

Buzzer and red LED's for alarm signaling whenever the 
exposures exceed preset limits 

Wrist strap 

Charge contact for plugging directly to the charging station 

Gas entry and exit ports 

Serial communication port for PC interface 

External alarm and analog output port 

Protective rubber cover 
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2.2 Keys and Display 
Figure 2.2 shows the LCD display and the keypad on the front 
panel of the monitor .. The function of the 3 keys during normal 
operation are summarized below: 

Alarm LED's 

Light sensor 

0.0 ppm I 
(l<[ll ON 

EJ [Mooe) 
Figure 2-2 LCD Display and Keypad 

Key Function in Normal Operation 

(MODE] -Tum on!offthe power* and step through menu items 

[N/-] -Toggle on/off the back light, negative acknowledge, 
decrease value 

[Y/+]-Start measurement, positive acknowledge, increase value 
value 

*Pressing and holding (MODE} key for 5 seconds turns off the 
power to the monitor. Monitor will beep once per second and 
display countdown timer during power-down sequence. Press 
[MODE] key momentarily to step through menu items. To save 
time, press any key during message scrolling to skip to the end 
ofthe message. 
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2.4 Operation 
The MiniRAE 2000 VOC monitor has two operation modes: 
Survey and Hygiene mode. The Survey mode allows the user 
to manually start and stop the monitoring/measuring operation 
and display certain exposure values. In the Hygiene mode, the 
monitor runs continuously after the monitor is turned on. Refer 
to Section 4.7.1 for switching between the two modes. 
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2.3 Power On/Off 
To turn on the MiniRAE 2000 portable VOC monitor, press 
[MODEl key for one second and release. The audio buzzer will 
beep once and the air pump will tum on. The display will show 
"ONL" and then ''Ver n.nn" to indicate the unit's current 
firmware version number. Next displayed are the serial number, 
the model number, Operating mode, current date and time, unit 
internal temperature, gas selected, high low, STEL, TWA/AVG 
alarm limits, battery voltage, and shut off voltage. Also 
displayed are internal mode settings such as User mode, Alarm 
mode, datalog time remaining and Jog periods in the respective 
order. 

To turn off the MiniRAE 2000 portable VOC monitor, press 
and hold the [MODE] key for 5 seconds. The monitor will beep 
once per second during the power-down sequence with a count 
down timer showing the number of remaining seconds. The 
message "Off! .. " flashes on the LCD display and the display 
will go blank indicating that the monitor is turned off. 

Data protection during power off 

When the monitor is turned off, all the current real time data 
including last measured value are erased. However, the datalog 
data is preserved in non-volatile memory. Even if the battery is 
disconnected, the datalog data will not be lost. While the power 
is off, the real time clock will continue to operate until the 
battery is completely drained (usually in 4-5 days without any 
charging). If the battery is completely drained or is 
disconnected from the monitor for more than 30 minutes, the 
real time clock wi11 be lost. In thls case, the user needs to enter 
the real time clock infonnation again, as described in Section 4, 
or send the PC clock during configuration through the PC 
communication. 
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2.4.1 Survey Mode 
After the monitor is turned on, it runs through the start up menu. 
Then the message "Ready ..• " is displayed (see figure below). 

0 c=J 0 

Ready ... 
(t•[)J "" EJ [uooe] 

At this point, the user has two options: 

1. StepthroughtheMainMenu. 

2. Take a measurement. 

Press the (MODE} button to step through the Main Menu. Press 
the [Y/+J button to proceed to take a measurement. 
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The Main Menu 

Press the [MODE] button to enter the Main Menu. Press the 
[Y/+], jMODE] or IN/-] as indicated in the flow chart below to 
step through the Main Menu. The PID sensor and pump are 
turned off during this time. 

The Main Menu functions are: 

Ready .•. 
Check 
Site ID"' xx.xx 
Gas"' xxxx 
Warm up 
x.xppm 
Stop? 
TWA/Avg x.x ppm 
STEL x.x ppm 

1
• Peak x.x ppm 

Run time hb:mm 
Bat=X.XV 
Mm/dd/yy 
hh:mm 
T= x:aF (date, time and temperature (OC or 0 F)J 
Log On/Off? 
PCComm? 
Survey 

OPERATION 

The Main Menu Functions 
I 

Ready ..• : Indicates that the monitor is ready to take a 
measurement or to step through the Ma.ln Menu. Press the 
[Y/+] button to advance to taking a measurement {read I 
''Taking a Measurement" on Page2-12 for details). 

Note: The Ready ..• screen is skipped if the menu is cycled 1 
through while a measurement is running. 

Check •.• : This message displays while the system is 
checking the lamp and the sensor. If the lamp test sUcceeds, 1 

the system will progress to checking the sensor.Jfthe lamp 
test does not succeed, the display will read Can not tum on , 
lamp, quit! 

Can not turn on lamp, quit!: This message displays 
when the lamp does not turn on. The system will · 
automatically retum to Ready ..• allowing the user to 
test the lamp again. If the lamp fails a second time, tum 
the monitor off and refer to Section 7.2 "PID Sensor & 
Lamp Oeaning /Replacement". 

Clean Sensor, Quit'!: This message displays when the 
sensor requires cleaning. Press the [Y/+] button to tum 
the monitor off and clean the sensor. Press the IN/-] 
button and the system will progress to the Site ID "'xx 

Site ID == xxxx: This display shows the Site ID and 
indicates that the monitor is about to start taking 
measurements (read "Taking a Measurement" for details) 

Note: This display appears only after a measurement has 
been started. It does not appear when the user is cyling 
through the Main Menu and the monitor is idling. 

Gas = xxxx: This display identifies the gas to be measured 
and indicates that the monitor is about to take a 
measurement (read "Taking a Measurement'" for details) 
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These functions are arranged in a "round robin" order. To select 
a specific function, press the button as shown below until the 
desired function appears. [ 

Main Menu 

OPERATION 

Note: This display appears only after a measurement has I 
been started. It does not appear when the user is cyling 
through the Main Menu and the monitor is idling. 

x.x ppm: (read ''Taking a Measurement" for details) 

Note: This display appears only after a measurement has 
been started. It does not appear when the user is cyling I 
through the Main Menu and the monitor is idling. 

TWA/Avg: Displays {in ppm) the Time Weighted Average I 
(TWA) or the Average since the start of the measurement. 
The average is recalculated every minute. 

STEL: Displays the Short Term Exposure Limit. 

PEAK: Displays (in ppm) the highest instantaneous reading 1 

since the start of the measurement. If [Y/+] is pressed while 
the peak reading is displayed, the unit will ask Reset Peak?. 
If {Y/+] is pressed again, the peak value will be cleared and ' 
the display will return to the Ready... message or 
instantaneous reading. The peak reading is automatically 
reset when a new measurement is started by pressing !Y/+] 
from the Ready ... screen. 

Run time hh:mm: 
measurement period. 

1be duration of the current 

Bat=- X .XV: The current battery voltage. 

Note: A fully charged battery pack should show 4.8 volts or 
higher. When the battery voltage falls below 4.4 volts, a 
flashing "Bat" wlll appear as a warning message. At that 
point, you have 20-30 minutes of run time remaining. When 
the battery voltage falls below 4.2 volts the monitor tums 
off automatically. 

Mm/dd/yy: The current date. 

hh:mm: The current time (24-hour format) 
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T = .U:l:F: The internal unit temperature in degrees 
Fahrenheit (see Section 4.7.13 to chauge temperature units) 

Log on/Off?: Allows the user to start datalogging of the 
current measurement. A superscript "L" flashes in the ppm 
measurement display when datalogging is on. This screeu is 
not shown when dataloggiug is disabh:~d or when the 
monitor is not operating in manual start/stop mode. 

PC Comm?: This function enables the user to upload data 
from the MiniRAE 2000 to a Personal Computer (PC) or 
send/receive configuration information between a PC and 
the MiniRAE 2000. Press [MODE] to return to Ready •... 

To communicate with a PC, connect the monitor to the 
serial port of a PC and start the MiniRAE 2000 application 
software. Press the (YI+J button and the LCD displays 
"pause monitor, ok?" Press the [Y/+] button one more 
time, and the display shows "Comm .•. " The monitor is 
now ready to receive commands from the PC. 

Survey: This function displays the Current Operating Mode 
(Survey or Hygieue). 

Taking a Me:tsurement 

There are two ways to start a measurement. 

1. Operating in Hygiene mode. 

2. Manually start and stop measurement in Survey mode. 

To start a measurement in Hygiene mode, please refer to 
Section 4.7.1, "Change Operation Mode". To start a 
measurement in Survey Mode, the MiniRAE 2000 monitor 
must first be in the "Ready ... " mode. This is the mode to which 
the monitor normally powers up. 
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Stop Measurement 

Press the JMODE] button and the display shows Stop? Press 
{N/-] to continue measurement and [YI+J to stop the 
measurement and datalog event. The pump stops automatically 
when measurement is stopped. Peak and average values for the 
current measurement can be read in idle mode until a new 
measurement is started. 

Automatic Increment of Site ID 

Every time a measurement is taken, the site ID wi.H be 
incremented by one automatically in Survey mode. 

Variable Alarm Signal 

ln Survey Mode, if the measurement exceeds the low alarm 
limit, the buzzer and flashing alarm are activated and will 
beep/flash once per second. The alarms will increase in 
frequency as the gas concentration approaches the high alarm 
limit reaching 8 times per second wl1en the high alarm has been 
exceeded. 

Press fY/+] key to clear if latching alarm. 
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Measurement phnses 

1. Ready 

2. Start measurement 

3. Measurement display and datalogging 

4. Stop measurement 

Ready 

The display reads Ready ... indicating the unit is ready to start a 
measurement. 

Start Measurement 

Press the [YI+J button to start the check cycle (see above), and 
then the measurement cycle. 

After completing the Check cycle, the display wil! show the 
Site ID and then the Gas selected for measurement. The pump 
will start and the reading will be displayed, The Peak and 
Average values will be automatically reset to zero. 

Measurement Display and Data!og 

Instantaneous readings of the gas concentration in parts per 
million (ppm) are updated every second. A flashing superscript 
L is displayed when datalogging is on. Datalog information is 
saved only after one full datalog period is completed. 
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2.4.2 Hygiene Mode 

In Hygiene Mode, the unit will continuously taking I 
measurements, once the power is turned on. After the initial 
start-up sequence displaying the current monitor settings, the 
LCD displays the instantaneous readings. I 

The Hygiene operatiou menu displays include: 

Real time readings in ppm 
CUJTCnt TWAJAvg, STEL and Peak values (see Section 
4.6.6) 
Run time 
Current battery voltage 
Date, time and temperature 
Log on/off! 
Gas name 
PC communication? 
Hygiene 

Detailed description of most of these displays are the same as 
Section 2.4.1. 
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HYGIENE MODE MAIN "MENU 

To choose a specific display, press the (MODE] key one or 
more times until the desired display appears, m the (Y/+] key 
where indicated with a Y. 

Note: To get back to instantaneous reading from any of the 
above display, press [MODE] key repeatedly until the "XX.X 
ppm" display appears. 

_2-15 

OPERATION 

Alarm Signal Summary: 

Condition Alarm Signal 

Gas exceeds "High Alarm" 3 beeps/flashes per second 
limit 

Gas exceeds "Low Alarm" 2 beeps/flashes per second 
limit 

Gas exceeds "TWA" limit 1 Beepsfflashes per seconds 

Gas exceeds "SJEL" limit I Beeps/flashes per seconds 

Pump failure 3 beeps/flashes per seoond plus 
"Pump" mes~age on LCD 

PID lamp failure 3 beeps/flashes per scoond plus 
''Lamp" message on LCD 

Lowbatlezy I flash per second, I beep per minute 
pillS "Bat" me,;sage on LCD 

Memory full I flash per second plus "Mem" 
message on LCD 

Alarm Signal Testmg: 

Under normal non-alarm conditions, it is possible to test the I 

MiniRAE 2000 LED and buzzer in Special Diagnostic Mode 
{see Section 8 for details). 
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2.5 Alarm Signals 
During each measurement period, the gas concentration is 
compared with the programmed alarm limits (gas concentration 
alarm limit settings: Low, High, TWA and STEL). If the 
concentration exceeds any of the preset limits, the loud buzzer 
and red flashing LED are activated immediately to warn the 
user ofthe alann condition. 

In addition, the MiniRAE 2000 will alarm if one of the 
following conditions occurs: battery voltage fa!ls below a pre­
set voltage level {4.4 V), failure ofUV lamp, pump stall, or 
when the datalog memory is full. When the low battery alarm 
occurs, there will be approximately 20-30 minutes of operating 
time remaining. When the battery voltage falls below 4.2 V, the 
monitor will turn off automatically. 
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2.6 Preset Alarm Limits and Calibration 
The MiniRAE 2000 portable VOC monitor is factory calibrated 
with standard calibration gas, and is programmed with default 
alarm limits. There are 102 gas settings stored in the library. 
Some examples of calibration and alarm limits are shown 
below. Refer to Section 4 on programming procedures for 
selecting a different gas, perform a calibration or set new alarm 
limits. 

Factory Calibration and Preset Alarm Limits 

Cal Gas Col unit Low High TWA STEL 
Spun 

Isobutylene 100 ppm 50 100 100 250 

Hexane,n- 100 ppm 500 750 500 750 

Xylene, m 100 ppm 100 ]50 100 150 

Benzene 5 ppm 2 5 5 2 

Styrene 50 ppm 20 40 20 40 

Toluene 100 ppm 50 !00 50 100 

Vinyl Chloride 10 ppm 5 !0 5 10 

Custom 100 ppm 50 100 50 100 
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2.7 Integrated Samp1ing Pump 
The MiniRAE 2000 portable VOC monitor includes an I 
integrated sampling pump. This is a diaphr.agm type pump that 
provides a 500-600 cc per minute flow rate. Connecting a 
Teflon or metal tubing with liB inch inside diameter to the gas 

1 
inlet port of the MiniRAE 2000, this pump can pull in air 
samples from 200 feet away horizontally, or 90 fed vertically, 
at about 3 feet per second flow speed. 

The pump turns on when a measurement is started, and turns off I 
when the sample is manually stopped in Survey mode or when 
the unit is turned off from Hygiene Mode. 

If liquid or other objects are pulled into the inlet pc~t filter, the I 
monitor will detect the obstruction and shut down the pump 
immediately. The alarm will be activated and a flashing error 
message "Pump" will be also displayed on the LCD display. 

i 
The user should acknowledge the pump shut off condition by! 
clearing the obstruction and pressing the (Y/+] key to re-start 
the pump. 

The pump stall threshold is set in the special Diagnostic Mode I 
{Section 8). 
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2.9 Datalogging 
During datalogging, the MiniRAE 2000 Portable VOC monitor 
flashes a superscript "'L", on the display to indicate that 
datalogging is enabled. The monitor stores the time stamp, 
sample number, and measured gas concentration at the end of 
every sample period {when data logging is enabled). In addition, 
the following information are stored: user ID, site ID, seri.al 
number, last calibration date, and alarm limits. All data are 
retained (even after the unit is turned ofi) in non-volatile 
memory so that it can be down loaded at a later time to a PC. 

Datalogging event 

When Datalogging is enabled, measurement readings are being 
saved. These data are stored in "groups" or "events. A new 
event is created and stored each tiffie the monitor is turned on, 
or a configuration parameter is changed, or datalogging is 
interrupted (e.g. Communication with PC during Hygiene 
mode). Information, such as start time, user ID, site ID, gas 
name, serial number, last calibration date, and alann limits will 
be recorded. 

Datalogging sample 

After an event is recorded, the unit records a shorter form of the 
data. This data contains: the sample number, time (hour/minute) 
and gas concentration. 
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2.8 Back Light 
The LCD display is equipped with an LED back light to assist 
in reading the display under pcor lighting conditions. Pressing 
and holding the [N/-J key for one second in nonnal operation 
can tum on the backlight. The OO.cklight can be turned off by 
pressing [N/-] a second time. If the (N/-] key is not pressed, the 
back light will be turned off automatically after a pre­
programmed time-out period to save power. 

In addition, the ambient light is sensed and the back light will 
be turned on automatically if the ambient light is below a 
threshold level. The back light is tumed off automatically when 
the ambient light exceeds the threshold level. 

See Section 8 for instructions on how to set the light threshold 
level. 

Note: The LED backlight consumes about 20-30% of the total 
average current, when the instrument is idle or not taking a 
measurement. 
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3. OPERATION OF ACCESSORIES 
The accessories for the MiniRAE 2000 include: 

An AC Adapter (Battery Charger) 

Alkaline battery holder 

Water Trap Filter 

Optional Accessories: 

Dilution Fitting 

Calibration adapter 

Calibration regulator and Flow controller 

Organic Vapor Zeroing kit 
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3.1 Standard Kit and Accessories 
I) AC Adapter (Battery Charger) 

WARNING 

To reduce the risk of ignition of hazardous atmospheres, 
recharge battery only in area known to be non-hazardous. 
Remove and replace battery only in area known to be non­
hazardous. 

Nc charger les batteries que dans emplacements designh 
non-danoercuses. 

A battery charging circuit is built into the :MiniRAE 2000 
monitor. It only needs a regular AC to 12 V DC adapter (wall 
mount transformer) to charge the monitor. 

To charge the banery inside the MiniRAE 2000 monitor: 

L Power off the Monitor. 

2. Connect the AC adapter (or the optional automotive charging 
adapter) to the DC jack on the MiniRAE 2000 monitor. If the 
unit was off, it will automatically turn on. 

3. The first message displayed will be "Deep discharge?" The 
unit will ask this question for three times. If the user wants to 
discharge the banery pack, a:ffrrm this query with the [Y/+J 
key, otherwise the unit will move on to the charge mode 
directly. 

OPERATION OF ACCESSORIES 

2) Alkaline Battery Holder 

An alkaline battery holder is supplied with each MiniRAE 
2000. It accepts four AA size alkaline batteries and cau be used 
in place of the Ni-MH or Ni-Cd banery pack to provide 
approximately 12-14 hours of operation. The adapter is intended 
to be used in emergency situations when there is no time to 
charge the Ni-Cd or Ni-:MH battery pack. 

To install the adapter, remove the cover of the battery 
compartment. Remove the Ni-Cd or Ni-:MH battery pack from 
the battery compartment and replace with the alkaline banery 
adapter. Replace the battery compartment cover. 

The internal charging circuit is designed to prevent damage to 
alkaline batteries and the charging circuit when alkaline 
baneries are installed inside the monitor. 

Note: The AA Alkaline battery adapter supplied by RAE 
Systems Inc. is intrinsically safe! 

3) Water Trap Filter 

The water trap filter is made ofPTFE (Teflon®) membrane with 
a 0.45 micron pore size to prevent water from being sucked into 
the sensor manifold, which would cause extensive damage to 
the monitor. It will also remove any dust and other particles 
from entering the monitor and prolong the operating life of the 
sensor. To install the water trap, simply insert it to the front of 
the inlet tube oftheMiniRAE 2000 monitor. 
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4. While charging, the display message will alternate between 
"Charging" and "Bat=x.xV" (x.x is the present battery 
voltage). The LED should be red in color when charging. 

0 

Charging 
ON 

(Mooe} 
5. When the battery is fully charged, the LED will change from ' 

red to green and the message ''Fully charged" will appear on 
the display. After the banery is fully charged, the unit will 
enter the "trickle charge" mode. In which, the red LED will! 
tum on for several seconds every minute, to maintain the full 
charge. 

A completely discharged MiniRAE 2000 monitor will be 
charged to full capacity within 10 hours. The battery will be I 

drained slowly even if the monitor is turned off. If the monitor 
has not been charged for 7-10 days, the battery voltage will be 
low. I 
The factory-supplied banery is designed to last for 10 hours of 
normal operation (no alann, no back light condition), for a new 
battery under the best condition. As the banery becomes older 
or is subject to adverse conditions (such as cold ambient I 

temperature), the banery capacity will be reduced significantly. 
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3.2 Optional Accessories 
1) Dilution Fitting 

The user may wish to install a dilution fitting on the inlet to 
dilute the gas samples. One application for a dilution fitting is to 
measure organic gas when the concentration exceeds the upper 
limit of the sensor range. 

Make sure to set the dilution ratio in the progranuning mode 
(see Section 4.7 .9) so that the correct gas reading will be 
displayed when the dilution fitting is used. 

WARNING: To usc a dilution fitting, the user must have 
the monitor located in a clean atmosphere outside the 
confined space and nse a remote access probe or Tygon 
tubing to measure the gas concentration inside tl1c confined 
space. 

2) Calibration Adapter 

The calibration adapter for the MiniRAE 2000 is a simple 6-
inch Tygon tubing with a metal adapter on one end. During • 
calibration, simply insert the metal adapter into the regular gas 
inlet probe of the MiniRAE 2000 and the tubing to the gas 1 
regulator on the gas bottle. 



OPERATION OF ACCESSORIES 

3) Calibration Regulator and Flow Cootroller 

The Calibration Regulator and Flow C<Jntroller is used in the 
calibration process. It regulates the gas flow rate from the Span 
gas cylinder into the gas inlet of the MiniRAE 2000 monitor 
during calibration process. The maximum flow rate al!owed by 
the flow controller is about 0.5Umin (500 cc per min.). 
Alternatively, a Demand-flow Regulator or a Tedlar gas bag 
may be used to match the pump flow precisely. 

4) Organic Vapor Zeroing kit (Charcoal filter) 

The Organic Vapor Zeroing Kit is used for filtering organic air 
contaminants that may affect the zero calibration reading. To 
use the Organic Vapor Zeroing Kit, simply connect the filter to 
the inlet port of the MiniRAE 2000. 
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4.1 Programming Mode 
The programming mode allows the users to change the setups in 
the monitor, calibrate the monitor, modify the sensor 
configuration and enter user information, etc. The 
programming mode has four menu items. Each menu item 
includes several sub-menus to perform additional programming 
functions. Appendix A shows a more detailed menu tree 
structure. 

Programming Menu 

Calibrate/Select Gas? 

Change Alarm Limits? 

Change Data\og? 

Change Monitor Setup? 

Once inside the programming mode, the LCD will display the 
first menu. Each subsequent menu item can be viewed by 
pressing the (N/-] repeatedly UIJti! the desired menu is 
displayed. To enter the sub-menu of a particular menu, press 
(Y/+] key, the sub-menu will be displayed. 

Return to Operation mode: To exit the programming mode 
and return to operation, press the [MODE] key once at any of 
the programming menu displays. 

PROGRAMMING 

4. PROGRAMMING OF MINIRAE 2000 
The MiniRAE 2000 Monitor is built with a microcomputer to 
provide programming flexibility. Authorized users can re­
calibrate the monitor, change the alarm limits, change site JD, 
user ID, lamp type, and real time clock, etc. 

Programming is menu-driven to provide intuitive end-user 
operation. The display shows the menu options and the key pad 
used for menu selection and data entry. 
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4.2 Keys for Programming Mode 
The three keys perform a different set of functions during the 
programming mode as summarized below. 

Key Function in Programming Mode 

(MODE]: 

{YI+]: 

Exit menu when pressed momentarily or 
exit data entry mode when pressed and held 
for 1 second 

Increase alphanumerical value for data entry I 
or confirm (yes) for a question 

Decrease alphanumerical value for data 
entry or deny (no) for a question 
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4.3 Entering into Programming Mode 
1. Turn on the MiniRAE 2000 monitor and wait for the 

"Ready .. " message or the instantaneous reading display 
"0.0 ppm" message displayed. 

2. Press and hold down both [Nf·] and [MODE] keys for three 
seconds to enter programming mode. This delay is to I 

prevent the user from entering programming mode by 
accident. 

3. The first menu item "Calibratelseled Gas?" will be 
displayed. 

4. Release both (MODE] and {N/-j keys simultaneously to 
start the programming mode 

5. Press (N/-] key to scroll to the next menu item of the 
programming menu. Press [Y/+] key to select the displayed 
menu item. 

The following Sections 4.4- 4.7 describe the details of each 
menu options. 

PROGRAMMING 

Note: The span value must be set prior to calibrating for fresh 
air or span. 

The user can store calibrations for up to 8 different 
!measurement gases. The default gas selections are as follows: 

Cal Memory #0 .... .lsobutylene 

Cal Memory #1 ..... Hexane 

Cal Memory #2 .... .Xylene 

Cal Memory #3 ..... Benzene 

Cal Memory #4 ..... Styrene 

Cal Memory #5 ..... Toluene 

Cal Memory #6 ..... Vinyl Chloride 

Cal Memory #7 ..... Custom? 

Memory #0 functions differently than the other 7 memories. For 
Memory #0, isobutylene is always the calibration gas. When the 
gas is changed in Memory #0 to one of 100 other 
preprogrammed chemicals or to a user-defined custom gas. a 
correction factor is applied to al! the readings. During 
calibration, the unit requests isobuty!ene gas and displays the 
isobutylene concentration immediately following calibration, 
but when the unit is returned to the normal reading mode, it 
displays the selected gas and applies the correction factor. 

The other 7 cal memories require the same calibration gas as the 
measurement gas. These memories may also be modified to a 
preprogrammed chemical or to a user-defmed custom gas. In 
the gas library, only the gases that can be detected by the 
installed UV lamp will ·actually be displayed. Note that although 
the correction factor for the new gas will. be displayed and can 
be modified, this factO~ is not applied when Memories #1-7 are, 
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4.4 Calibrate and Select Gas 

WARNINGS 

The calibration of all newly purchased RAE Systems 
instruments should be tested by expo5ing the sensor(s) to 
known concentration calibration gas before the instrument 
Is put into service for the first time. 

For maximum safety, the accuracy of the MiniRAE 2000 
should be checked by exposing it to known concentration 
calibration gas before each day's use. 

In the first menu of the programming mode, the user can 
perform functions such as calibration of the MiniRAE 2000 
Monitor, select default cal memories, and modifY cal memories 
(see Table 4.4). 

Table 4.4 

Calibrate/Seleel Gas Sub-Menu 

Fresh Air Cal? 

Span Cal? 

Select Cal Memory? 

Change Span Value? 

ModifY Cal Memory? 

Change Correction Factor? 

Calibrating the MiniRAE 2000 monitor is a two~point process 
using "fresh air" and the standard reference gas (also knO\lTI as 
span gas). First a "Fresh air'' calibration, which contains no 
detectable VOC (0.0 ppm), is used to set the zero point for the 
sensor. Then a standard reference gas that contains a known 
concentration of a given gas is used to set the second point of 
reference. 
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used. Therefore the factor will not affect the readings in these 
memories. 

Once each of the memories has been calibrated, the user can 
switch between the calibrated gases by changing the cal 
memory without the need to recalibrate. Or the user can switch 
the measurement gas in Memory #0 and the appropriate 
correction factor will automatically be applied without the need 
to reca!ibrate. If the gas is changed in Memories #1~7, it is 
necessary to recalibrate. 

To change a default gas from the Est above to a library or 
custom gas, fust go to Select Cal Memory (Section 4.4.3) and 
then proceed to Modil)t Cal Memory (Section 4.4.5) to enter the 
desired gas. If the desired compound does not appear in the 
preprogrammed library. the user can use the Custom VOC 
entry in the library, or the name and correction facto;:-of any of 
the existing compounds can be changed as described in Section 
4.4.5. A list of some 300 correction factors is given in Technical 
Note 106, available at the website www.raesystems.com. 
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4.4.1 Fresh Air Calibration 

This procedure detennines the zero point of the sensor 
calibration curve. To perform a fresh air calibration, Use the I 
calibration adapter to connect the MiniRAE 2000 to a "fresh" 
air source such as from a cylinder or Tedlar bag (option 
accessocy). The "fre:;h" air is clean dry air without any organic 
impurities. If such an air cylinder is not available, any clean 
ambient air without detectable contaminant or a charcoal filter I 
can be used. 

L 'The first sub-menu shows: "Fresh air Cal?" 

2. Make sure that the MiniRAE 2000 is connected to one of 
the "fresh" air sources described above. I 

3. Press the (Y/+} key, the display shows "zero in progre:;s" 
followed by ''wait.." and a countdown timer. 

After about 15 seconds pause, the display will show the 
message ''update data ... zeroed ... reading= X.X ppm ... " Press I 

any key or wait about 20 seconds, the monitor will return back 
to "Fresh air Calibration?" submenu. 
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4. Display shows "wait.. 30" with a count down timer' 
showing the number of remaining seconds while the 
monitor performs the calibration. 

5. To abort the calibration, press any key during the count. 
down. The display shows "Aborted!" and return to "Span 
Cal?" sub-menu. 

6. When the count down timer reaches 0, the display shows the 
calibrated value. 

Note: The reading should be very close to the span gas 
value. 

7. During calibration, the monitor waits for an increased signal 
before starting the countdown timer. If a minimal response 
is not obtained after 35 seconds, the monitor displays ''No 
Gas!" Check the span gas valve is on and for lamp or sensor 
failure before trying again. 

8. The calibration can be started manually by pressing any key 
while the "Apply gas now!" is displayed. 

9. After a span calibration is completed, the display will show 
the message "Update Data Span Cal Done! Tum Off Gas." 

10. Tum offthe tlow of gas. Disconnect the calibration adapter 
or Tedlar bag from the Mini RAE 2000 Monitor. 

ll. Press any key and it returns back to "Span Gas Cal?" 
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4.4.2 Span Calibration 

This procedure determines the second point of the sensor 
calibration curve for the sensoJ. A cylinder of standard 1 
reference gas (span gas) fitted with a 500 cc/min. flow-limiting 
regulator or a flow-matching regulator is the simplest way to 
perform this procedure. Choose the 500 cc/min. regulator only I 
if the flow rate matches or slightly exceedS the flow rate of the 
instrument pump. Alternatively, the span gas can first be filled 
into a Tedlar Bag, or delivered through a demand-flow 1 

regulator. Connect the calibration adapter to the inlet port ofthe 
:MiniRAE 2000 Monitor, and connect the tubing to the regulator 1 

or Tedlar bag. 

Another alternative is to use a regulator with >500 cc/min flow 
1 

but allow the excess flow to escape through aT or an open tube. 
In the latter method, the span gas flows out through an open 
tube slightly wider than the probe, and the probe is inserted into 1 

the cahbration tube. 

Before executing a span calibration, make sure the span value , 
has been set correctly (see next ~b-menu). 

I. Make sure the monitor is connected to one of the span gas 
sources described above. 

1 

2. Press the [Yf+] key at the "Span Cal?" to start the 
calibration. The display shows the gas name and the span 
value of the corresponding gas. 

3. The display shows "Apply gas now!" Tum on the valve of 
the span gas supply. 
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4.4.3 Select Cal Memory 

1bis -function allows the user to select one of eight different 
memories for gas calibration and measurement. For Memories' 
#1-7, the calibration and measurement gas is the same and no 
correction factor is applied. For Memory #0, the calibration gas' 
is always isobutylene and the measurement gas may be 
different, in which case the correction factor for that gas is , 
automatically applied. The default gas selections are listed in 
Section4.4 

1. "'Select Cal MemoryT is the third sub-menu item in the 
Calibration sub-menu. Pressing the jY/+] key, the display, 
will show "Gas od' gas name followed by "Mem # x?" 

2. Press {N/-] to scroll through all the memory numbers and . 
the gas selections respectively. Press !Y/+] to accept the 
displayed Cal Memory number. 

3. After the [Y/+J key is pressed, the display shows "Save?" 
Press IY/+] key to save and proceed. Press (N/-] to discard 
the entry and advance to the next sub-menu. 

4. If the gas in a newly selected Cal Memory number is not 
calibrated, the display shows "CF= x.xx". A correction· 
factor with the value "x.xx" will be applied. 

5. If the gas of a newly selected cal memory number-has been 
calibrated previously, the display shows ''Last calibrated 
>0;/>0;/xx". 
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4.4.4 Change Span Value 
This function allows the user to change the span values of the 
calibration gases. 

1. "Change Span Value?" is the fourth sub-menu item in the 
Calibration sub-menu 

2. Press [Y/+], display shows the gas name and the span value. 
A cursor will blink at the first digit of the Span value. To 
modifY the span gas value, go to Step 3. Otherwise, press 
and hold the (MODE] key for 1 second to accept the 
previously stored span gas value and move to the next sub­
menu. 

3. Starting from the left-most digit of the span gas value, use 
the (Y/+] or [N/-] key to change the digit value and press 
[MODE] key momentarily to advance to next digit. Repeat 
this process until aU digits are entered. Press and hold the 
[MODE] for 1 second to exit. 

4. The display shows "Save?" To accept the new value, press 
the [Y/+] key. Press the [N/-] key or the [MODE] key to 
discard the change and move to the next sub-menu. 
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4.4.6 Change Correction Factor 
This function allows the user to change the Correction Factor of 
the standard calibration gas (only for Cal Memory #0). 

I. "Change Correction Factor?" is the sixth sub-menu in the 
Calibration sub-menu. 

2. Press JY/+] key. Display shows the gas name, then the 
correction factor. 

A cursor blinks at the left-most digit of the correction factor. 
If user wants to modify the correction factor, go to Step 3. 
Otherwise, press and hold the [MODE] key for 1 second to 
accept the previously stored correction factor value and 
return to the first sub-menu ofthe calibrate/select gas m~nu. 

3. Starting from the left-most digit of the correction factor, use 
[Y/+] or [N/-] key to change the digit value and press 
!MODE] key momentarily to advance to the next digit, the 
cursor will move to the next digit to the right. Repeat this 
process until all digits are entered. Press and hold the 
[MODE] for l second to exit. 

4. The display shows "Save?~ To confirm the new value, 
press IY/+] to accept the change. Press [N/-] or [MODE] to 
discard- the change and return to the first sub-menu, 
Calibrate and Select Gas. 
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4.4.5 Modify Cal Memory 
If the current cal memory number selected is not memory 0, 
users will be prompted whether to modifY the settings of the 
selected cal memory. Press [Y/+} to modify the cal memory and 
[N/-1 to go to the next sub-menu. 

Once [Y/+] is pressed the LCD display will show the current 
memory number, current Gas selected and prompt user for 
acceptance of current gas selected. 

1. Press {N/-1 to modify the gas selection if desired. Or press 
JY/+] key to skip the change of gas £election, and proceed to 
the next sub-menu. 

2. After pressing [N/-], display shows "Copy gas from 
library?" Press [YI+J to accept or [N/~] for the next sub­
menu, "Enter Custom gas?" 

3. In the "Copy gas from library" submenu, use [Y/+] and (N/- · 
1 keys to scroll through the selections in the library. Press 
[MODE] key momentarily to select the gas. The display , 
shows "Save?" Press JY/+] to save or [N/~} to discard the 
changes and proceed to next sub-menu. 

' 4. In the Custom gas sub-menu, the user can enter the gas 
name. Press the [Y/+] or [N/-] key to cycle through all 26 
letters and 10 numerals. Press the (MODE] key ' 
momentarily to advance to the next digit. The flashing digit 
will move to the next digit to the right Repeat this process 1 

until all digits (up to 8 digits) of the custom gas name is 
entered. 

Press and hold the [MODE} key for I second to exit the name 
entry mode. The display will show "Save?" Press (Y/+] to save 1 
the entry, or (N/-] to discard the changes. 
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4_5 Change Alarm Limits 

In this menu, the user can change the high and low alarm limits, 
the STEL limit and the TWA limit (see Table 4.5 below). Press I 
the [Y/+] key and the display sham the current gas selected 
followed by the first sub-menu item below. 1 

Tablc4.5 

Alarm Limit Sub-Menu 

Change High Alann limit? 

Change Low Alarm limit? 

Change SlEL limit? 

Change TWA limit? 

I. Scroll through the Alarm Limit sub-menu using the [N/-] 
key until the display shows the desired limit to be changed, . 
e.g.,"High limitT', "STEL limit?", etc. 
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2. Press the [Y/+] key to select the desired limit and the 
display shows a flashing cursor on the left-most digit of the 
previously stored alarm limit 

0 0 

0010.0 
ON 

[Mooe) 
3. To modify this limit value, use the [Y/+] or [N/-] key to 

change the digit value and press the [MODE] key 
momentarily to advance to the next digit. The flashing digit 
will move to the next digit to its right. Repeat this process 
until the new limit value is entered. Press and hold the 
[MODEJ key for 1 second to exit data entry mode. 

4. If there is any change to the existing value, the display 
shov.'S "Save?" Press [Y/+] to accept the new value and 
move to the next sub-menu. Press [N/-] to discard the 
changes and move to the next sub-menu. 

PROGRAMMING 

4.5.2 Change STEL Limit 

This sub-menu item allows the user to change the STEL limit. 
The display shows "STEL limit?" 

l. Press the [Y/+] key and the display will show a flashing 
cursor on the left-most digit of the previously stored SlEL 
limit. 

2. To modify this limit value, use the [Y/+] or [N/-J key to 
change the digit value and press the [MODEJ key 
momentarily to advance to the next digit. The flashing digit 
will move on to next digit to its right. Repeat this process 
until the new limit values is entered. Press and hold the 
[MODE] key for 1 second to exit data entry'mode. 

3. If there is any change to the existing value, the display 
shows "Save?" Press [Y/+J to accept the new value and 
move to the next sub-menu. Press [N/-] tO discard the 
changes and move to the next sub-menu. 
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4.5.1 Change Low Alarm Limit 

The second sub-menu item in the Alarm Limit sub-menu allows 
the user to change the Low Alarm limit. The LCD displays 
"Low limit?" To change Low Alarm limit, press [Y/+] key, or 
Press [N/-) key advance to next sub-menu in Table 4.5. 

l. Press (Y/+] and the display will show a flashing cursor on 
the left-most digit of the previously stored Low alarm limit. 

2. To modify this limit value, use the [Y/+] or [N/-] key to· 
change the digit value and press the {MODE] key 
momentarily to advance to the next digit. The flashing digit. 
will move to the next digit to its right. Repeat this process 
until the new limit values is entered. Press and hold the 
[MODE] key for 1 second to exit data entry mode. 

3. If there is any change to the existing value, the display 
shows "Save?" Press [Y/+] to accept the new value and , 
move to the next sub-menu. Press (NH to discard the 
changes and move to the next sub-menu. 
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4.5.3 Change TWA Limit 

This sub-menu item allows the user to change the TWA limit. 
The LCD displays "TWA limit?" 

1 

I. Press [Y/+] and the display will show a flashing cursor on , 
the left-most digit of the previously stored TWA limit 

2. To modify this limit value, use the [Y/+] or (Nl-] key to , 
change the digit value and press the [MODEJ key 
momentarily to advance to the next digit. The flashing digit 
will move on to next digit to its right. Repeat this process ' 
until the new limit values is entered. Press and hold the 
{MODE] key for I second to exit dafa entry mode. 

-3. If there is any changt;: to the existing value, the display 
shows "Save?" Press [YI+J to accept the new value and ' 
move to the next sub-menu. Press [N/-] to discard the 
changes and move to the next sub-menu. 
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4.6 Change Datalog 
The MiniRAE 2000 monitor calculates and stores the 
concentration and ID of each sample taken. In the datalog sub· 
menu, a user can perform the tasks and functions shown below. 

Datalog Sub-Menu 

Reset Peak/Minimum? 

Clear Data? 

Change Data Period? 

Change Average Type? 
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4.6.2 Clear Data 

1bis function will erase all data stored in the non-volatile 
datalog memory. Note: This function does not change S1EL, 
TWA, Peak, Minimum and run time values, which are stored in 
the regular data memory. 

I. "Clear Data?" is the third sub-menu item in the Datalog sub­
menu. 

2. Press the [Y/+] key to clear the datalog memory. The 
display shows "Are you sure?" 

3. Press the [Y/+] key again to confirm erasure of all the 
datalog memory. 

4. Press the [N/-] or (MODE] key to exit without clearing the 
datalog memory and move to the next datalog sub-menu. 
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4.6.1 Reset Peak 

This function will reset the peak and minimum stored in the 
data memory. Note: this function will not clear the STEL or 
TWA data. 

l. "Reset Peak?" is the first sub-menu item in the Datalog sub­
menu (Table 4.6). 

2. Press the [Y/+] key to reset the Peak/Minimum Values. The 
display shows "Are You Sure?" 

3. Pressing the (Y/+] key again will reset the values. The 
display shows "'Peak/Minimum Cleared" and moves to the 
next submenu. 

4. Press the [NJ-] or [MODEl key to exit without resening the 
values and move to the next sub-menu. 
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4.6.3 Change Data Period 

The daralog period can be programmed from 1 to 3,600 seconds 
(1 hour). 

I. "Change Data Period?" is the fifth sub-menu item in the 
Dat:alog sub-menu. 

2. Press the [Y/+] key and the display shows "Datalog Period 
= XXXX" with the left-most digit flashing, where "XXXX" 
is the previously stored data log period. 

4. To modify this period, starting from the left-most digit, use 
the (Y/+] or (N/~] key to change the digit value and press the 
(MODE] key momentarily to advance to the next digit. The 
flashing digit will move to the next digit to the right. Repeat 
this process until all 4 digits of the new period are entered. 
Press and hold the [MODE] key for I second to exit data 
entry mode. 

5. If there is any change to the existing value, the display will 
show "Save?" Press [Y/+] to accept the new value or (N/-] 
to discard the changes and move to the next sub-menu. 
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4.6.4 ChangeAverageType 

The user can select either an 8-hour Time Weighted Average 
(TWA) or a running Average. The running average is simply 
the average of all instantaneous (!-second) readings since the 
measurement was started. This average may increase or 
decrease with time depending on the readings. The TWA is a 
cumulative value used to estimate the fraction ofthe 8-hour 
limit to which the user has been exposed since the start of the 
measurement. This value can only increase or remain constant, 
never decrease. Refer to Technical Note 119 for more 
information on how TWA is calculated. 

1. "Change Average Type?" is the sixth sub-menu in the 
Datalog sub-menu. 

2. Press the [Y/+] key to enter the function. 

3. The display will show "Running Average?" or" Time 
Weighted Average?" depending on the current average type. 

4. Press [N/-] key to toggle between the average types. Press 
[Y/+] key to select the displayed average type. 

5. If there is any change to the existing setting, the display 
shows "Save?" Press [Y/+] to save the change. Press [N/-l 
or [MODE] to discard the change and return to the first sub­
menu. 
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4.7.1 Change Operation Mode 

MiniRAE 2000 supports two operation modes: Survey and 
Hygiene mode. 

Survey mode: Manual start/stop of measurements and display 
of certain exposure values. 

Hygiene mode: Automatic 
datalogging continuously and 
values. 

measurements, running and 
calculates additional exposure 

1. "Change Op Mode?" is the first sub-menu item in the 

' 

Monitor Setup menu (Table 4.7). I 

2. Press the JY/+] key and the display shows the current user 
mode: "Op Mode= current mode?" 

3. Press the [Y/+] key to accept the currently displayed 
operation (Op) mode. Press (N/-] to toggle to the other 

1 

operation mode. Press [MODE] to exit this sub-menu and 
move to the next monitor setup sub-menu. 

4. When changing Op mode from Hygiene to Survey, the 
1 

display shows the additional message "Warning! Exit 
Hygiene?" to prevent accidental exit from Hygiene mode. 1 

Press the (Y/+] key to acknowledge. 

5. If there is any change to the existing setting, the display will , 
show "Save?" Press the [Y/+] key to accept or the [N/-] key 
to discard and move to the next sub-menu. 

Note: If a new Op Mode is saved, the display shows "Op Mode ' 
changed!!" when exiting the prognunming mode. 
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4.7 Change Monitor Setup 
Several monitor specific variables can be changed in this menu. I 

The following is a list of configuration data that can be 
modified by the user. I 

Monitor Setup Sub-Menu Diagnostic Mode II 

Change Operation Mode? " I 
Change Site ID? Change Unit ID? I, 
Change User ID? Change Host ID? 

Change Alarm Mode? " 

Change User Mode? " 
Change Date? " 

Change Time? " 

Change Lamp? " 

Change Pump Duty Cycle? " 
Change Unit? " 

Change Dilution Ratio? " 
Change Output? " 

Change DAC Range? " 

Set Temperature Unit? " 

PROGRAMJIJING 

4. 7.2 Change Site ID 
The user can enter an 8-digit alphanumeric site ID in the 

1 

programming mode. This site ID will be included in the datalog 
report. 

1. "Change Site ID?" is the second sub-menu item in the 
Monitor Setup menu (Table 4.7). 

2. Press the [Y/+] key and the display shows the current site 
ID: "Site ID = xxxxxxx" with the left most digit flashing. 

3. Press the [Y/+] or [N/-] key to cycle through all 26 letters 
and I 0 numerals. Press [MODE] momentarily to advance to 1 

the next digit. The flashing digit will move to the next dlgit 
to the right. Repeat this process until all 8 digits of the new 
site ID are entered. 

4. Press and hold the (MODE] key for I second to exit the 1 

data entry mode. 

5. If there is any change to the existing site ID, the display 
shows "Save?" Press the (Y/+] key to accept the new site 
ID. Press the [N/-] key to discard the change and move to I 
the next sub-menu. 

4-27 ___ _ 

I 

I 

I 

I 

I 

I 

I 

I 

I 



PROGRAMMING 

4. 7.3 Change User ID 

The user can enter an 8-digit alphanumeric user ID in the 
programming mode. This user ID will be included in the datalog 
report. 

1. "Change User ID?" is the third sub-menu item the Monitor 
Setup menu. 

2. Press the (Y/+) key and the display shows the current user 
ID: "User ID = xxxxxxxx" with the left most digit flashing. 

Press the [Y/+) or [N/-] key to cycle through al126 letters and 
10 numerals. Press Il\10DEJ momentarily to advance to the 
next digit. The flashing digit will move to the next digit to 
the right. Repeat this process until all 8 digits of the new 
user ID are entered. 

4. Press and hold the [MODE] key for l second to exit the 
data entry mode. 

5. If there is any change to the existing user ID, the display 
shows "Save?'' Press the [Yft] key to accept the new user 
ID. Or press the [N/-] key to discard the changes and move 
to the next sub-menu. 
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4.7 .5 Change User Mode 

There are two different user modes: Display and Program that 
can be selectea from the programming menu. 

1. "Change User Mode?" is the fifth sub-menu item in the 
Monitor Setup menu (Table 4.7). 

2. Press the [Y/+J key; the display shows the current user 
mode selected. 

3. Press the [Y/+] key to accept the currently displayed user 
mode. Press [Nl-] key to toggle to the alternate user modes. 
Press [MODE] to exit this sub-menu and move to the next 
monitor setup sub-menu. 

4. If there is any change to the existing selection, the display 
shows messages "Program change" and "Are you sure?" 
Press [Y/+] to confirm the change or press [N/~] or 
(MODE] to discard the changes and move to the next sub­
menu. 

CAUTION: If the user mode is changed to Display mode, the 
user can no longer enter the programming mode. Therefore, the 
user can not change the user mode back to Program mode in 
nonnal mode. 

To restore the user mode back to Program mode, tum the unit 
off and back on in Diagnostic Mode. Next enter Program mode 
by holding the (MODE] and (N/-] keys for three seconds. Enter 
the password at the prompt (the default is 0000). Once program 
mode is entered, go to the "Change Monitor Setup" I "Change 
User Mode" and change the mode back to Program. 

An alternative way to change Display mode back to Program 
mode is through the PC and the ProRAE-Suite software. 
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4.7 .4 Change Alarm Mode? 

There are two different alarm modes: Latched and Automatic 
Reset (Auto Reset) in the MiniRAE 2000 that can be selected 
from the programming menu. 

I. ''Change Alarm Mode?" is the fourth sub-menu item in the 
Monitor Setup menu. 

2. ~.ress the [YI+J key; the display shows the current a1ann 
mode. 

3. Press the [Y/+) key to accept the currently displayed a1arm 
mode. Press [N/-] key to toggle to the other alann mode. 
Press [MODE] to exit this sub-menu and move to the next 
monitor setup sub-menu. 

4. If there is any change to the existing setting, the display will 
show"Save?" Press [Y/+] to save the change. Press [N/-) or 
[MODE] to discard the change and move to the next sub­
menu. 
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4.7.6 ChangeDate 

The MiniRAE 2000 monitor is equipped with a real time clock 
(RTC). The user can enter the correct date and time (see 4.7.7). 
for the real time clock. 

l. "Change Date?" is the sixth sub-menu item in the Monitor' 
Setup menu. 

2. Press fY/+] and the display shows the current date "mm I 
dd I yy" with the left most digit of the date flashing. 

5. To modify this value, use the [Y/+] or fN/-] key to change 
the digit value and press the (MODE] key momentarily to 
advance to the next digit The flashing digit will move on to 
next digit to its right. Repeat this process until the new date · 
and time values are entered. Press and hold the {MODE] 
key for 1 second to exit data entry mode. 

4. If there is any change to the existing value, the display 
shows "Save?" Press [Y/+] to confinn the new value or 
press [N/-] or [MODE] to discard the changes and move to 
the next sub-menu. 

4.:ll_ 
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6.3 Sampling·Pump--· 

When approaching the end of the specified lifetime of the 
pump, it will consume higher amount of energy and reduce its 
sample draw capability significantly. When this occurs, it is 
necessary to replace or rebuild the pump. When checking the 
pump flow, make sure that the inlet connector is tight and the 
inlet tubing is in good condition. Connect a flow meter to the 
gas inlet probe. The flow mte should be above 450 cdmin when 
there is no air leakage. 

Figure 7-3 Sampling Pump 
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6.4 Turning on the UV Lamp 

The UV lamp is made of a glass envelope and a UV window 
(salt crystal) on one end of the envelope. The inside of the lamp 

1 
is filled with low pressure gases. To tum on the lamp, a high 
voltage electric field is applied from the outside of the glass 
envelope. The molecules inside the lamp are ionized and 1 

produce a glow discharge that generates the UV light. The 
MiniRAE 2000 has a built-in sensing mechanlsm to monitor the 
status of theW lamp and display a "Lamp" error message if it 1 

is not on. 

If the UV lamp has not been used for a long period oftime (> Jl 
month) or is cold, it may become slightly harder to tum on. If 
such a condition occurs, the "Lamp" message will appear in the 
monitor display during the power on sequence. This 

1 

phenomenon is more significant in 0.25" UV lamps used in 
ToxiRAE and MultiRAE Plus products, because of the , 
relatively small lamp size. To solve this problem, simply tum 
on and off the monitor a few times and the lamp should tum on. 
After the UV lamp is turned on for the first time, it should be ' 
easier to tum on the UV lamp next time. 

It is possible that the UV lamp is actually on when the lamp ' 
error message appears. This is because when the lamp becomes 
old, the internal threshold level to detect lamp failure may have 
shifted and cause a false alarm. To eliminate such possibility, 
simply check to see the UV lamp is actually on. This can be 
done easily by removing the sensor cap and observing the glow 
light of the UV lamp in a dark place. The user can also feed the 
monitor with calibration gas and observe if the sensor reading 
changes. If the reading changes significantly with the gas, the 
UV lamp is actually on. 

A possible failure mechanism for the uY lamp is a leak 
developed along the seal of the glass enVelope. When such 
condition occurs, the lamp will become·very hard or impossible 
to tum on and will need to be replaced. 
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Pump Replacement--

!. Tum off the MiniRAE 2000 power. 

2. Open the battery cover, remove the battery pack, and 1 
carefully unscrew the six screws to open the bottom cover. 

3. Unplug the pump from the PCB. Unscrew the two screws 1 
that hold the pump assembly to the PCB. Disconnect the 
Tygon tubing that connects the pump to the gas inlet port and 
gas outlet port. I 

4. Insert a new pump assembly. Connect the Tygon tubing to 
the gas inlet port. Plug the pump connector back into the 1 

PCB and screw down the pump assembly to the board. 

5. Replace the bottom cover and tighten the six screws. Re-, 
connect the battery pack. Replace the battery pack and its 
cover. 

TROUBLESHOOTING 

7. TROUBLESHOOTING 
To aid the user in diagnosing the monitor, a special diagnostic 
mode can be used displays critical, low level parameters. 
Section 7.1 describes the operation of the diagnostic mode. 
Section 7.2 summarizes the frequently encountered problems 
and suggested solutions. By turning on the MiniRAE 2000 
monitor in diagnostic mode and by using the troubleshooting 
table in Section 7.2, the user can usually correct the problem 
without having to return the monitor for repair. 

WARNlNG 

This function should be used by qualified personnel only! 
The diagnostic mode allows the user to set several low-level 
parameters that are very critical to the operation of the 
monitor. Extra care should be taken when setting these 
parameters. If the user is not familiar with the function of 
these parameters and sets them incorrectly, it may cause the 
monitor to shut down or malfunction. 



TROUBLESHOOTING 

7.1 Troubleshooting Table 

Problem Po,.ible Reasons & Solutions 
Cannot tum on power 
after charging the battery 

Re:l'lon.s: Discharged battery. 
Defective banery. 
Microcomputer hang-up. 

No LCD back light 

Lostp<!SSWord 

Reading abnormally 
High 

Buzzer 
Inoperative 

Solutions: Charge orreplaee battery. 
Disconnect, then connect hanery to reset 
com uter. 

Reason.: Trigger level too low, the 
current mode is not user 
mode, and the mode does not 
support automatic tum on 
backlight. 

Solutions; Adjust trigger leveL 
VerifY the back light can be turned on in user 
mode. Call authari~ed service center_ 

Solutions: Call Technical Support at 
+1.408 .752 .0723 or +I. 888 .723 .4800 
Reasons: Dirty sensor module. 

Dirtywatertrapfilter. 
Excessive moisture and water 
condensation. 

Snlutinm: Clean sensor module and 
lamp housing. Replace water 
trap filter. 
Blow d the sensor module. 
Roa1om: Bad buzzer. 

Solntions: 
center. 

APPENDIX A 

Call authorized service 

APPENDIX A. QUICK REFERENCE GUIDE 
Press [N/-] and [MODE], simultaneously, for 3 seconds, to 
enter Programming Mode. Press [MODE] to return to Survey 
Mode. 

PROGRAMMING MODE 

!Calibrate/Select Gas [Press [YI+] to selectmennJ 

J. ""' 
rr~oo~ 

fresh air cal? 
Span cal? 
s~lecl cal memory? 
Chunge 'P"" Vlliue? 
Modify col memory? 
Change omreotion factor? 

Change Alann Limits? 

~1-J 

l 
.• ! .. Lw .. ::.j :High lirnit1 
[TNI-J Low limit? r!MOOEI STEL limit? 

TWAHrnit? 

[NI·J 
I 

Change Dalll!og? 

[N\_l Lty/+]---> Reset Pcok!Minirnum?------, 

r(MOOE] Cle.vdoto? ]N/-] 
Change doto porlod? ~ 
Chango av010~e type? 

han e Monil.OrSetu . 

. _LtvHJ---> ChongcOpMode?-
INI-] Chongo Site ID? 

-(!IIOOE] Chongcllscr1D7 [N/-} 
Chonge Alarm Mode? 
Change U'er Mode? 
Change Date? 
Chango Time? 
ChangeLiilllp? 
Chango Pwnp Duty Cycle? 
Change Unit? 
Chl!Ilge Dilution Ratio? 
Ch!lllge Output? 

..('.,.. ~ Ch:mge DAC Range? 
~ Set Temp<mture Unit 

A_· I __ 

TROUBLESHOOTING 

Inlet flow too low Rea~•ms: Pump diaphragm damaged or 
hru; debris_ 

Flow path leaks. 

Solutions: Check flow path for leaks; 
sensor module 0-ring, rube 
C\lnneclors, Teflon tube 
compression fining. 
Reniace numo or diauhra~m. 

"Lamp" message during R""s<>os: Lamp drive circuit. 
opemtion Weak ordefectiv~ PID lamp, 

defective. 

S<.~lutions: Turn the unit off and back on 
Re lace UV lamo 

Full scale measurement in Reasons: Dirty or wet sensor. 
humid environment 

Solutions: Clean and dry sensor and 
lamp housing. Adjust sensor 
fingers to ensure not touching 
Teflon. Usc water tran filter. 

Reading abnormally Reasons: Incorrect calibration. 
low Low sen.'\itivity to the specific 

l<'-'· 
Weak or dirty lamp. 
Airlcabge. 

Solutions: Calibrate the monitor. 
Replace sensor. 
Clean or replace lamp. 
Check air leakae:e. 
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RAE Systems, Inc. Contact Information 

Main Office: 3775 N. First St. 
San Jose, CA 95134-1708 
USA 

Telephone: 408-952-8200 
Fax: 408-952-8480 

Instrument Sales: 877-723-2878 
Email: RaeSales@raesystems.com 

Website: www.raesystems.com 
Technical Service: 888-723-4800 

Tech@raesystems.com 

Special Note 

If the monitor needs to be serviced, contact either: 

1. The RAE Systems distributor from whom the monitor was 
purchased; they will return the monitor on your behalf. 

2. The RAE Systems Technical Service Department. Before 
returning the monitor for service or repair, obtain a 
Returned Material Authorization (RMA) number for proper 
tracking of your equipment. This number needs to be on ali 
documentation and posted on the outside of the box in 
which the monitor is returned for service or upgrade. 
Packages without RMA Numbers will be refused at the 
factory. 

APPUCATJON NOTE 

RAE SYSTEMS PJD TRAINING OUTLINE 

What is a PID? 
A Photo-loniz<llion Detector rnensur<S VOC• and olhor 
to:cic gases in low ooncentrntiom from ppb (pori• por 
billion} up to 10,000 ppm (porls per million or 1% by 
volume)_ A PID is ' very S<nsiiive brood-spe<lrum 
monitor, like a "Jm,•lcv.:l LEL monitor. RAE Syst<:ms" 
improvements in PJD l<"~nology have oniniorutizod and 
"Rugg.dized" P!o. ollowing them to vrovide new ond 
imtm-nti\'O rnoniloring solution• for: 

LEI, \'>1r>~Suo~m<n~<: PJD,. pn>vido o moro rctioblc 
'""""' of rncnsuring LEL in •rrlicatioos like 101 fuol 
;rnd Turpcnline vapor.; (rof. AP-200, 204, 219) 

Ammonio: (rof.AP-201) 

ll••Mat: Ha>omlous Mnloriols Rospon"' (oef. AP· 
203) 

HootT.-an..rorFIW!.-. (r<f.AP--205} 
Arwn: (ref. AP-207) 

lndu.,rn.l tlyglen•: to help determine chemical 
cxposurc>(r<[AP-211) 

lndourAirQu•lily: (rd.AP-212) 
Emironmenlol: r<sid,ol soil, air,<>rWJIIor 
contamination (rof. AP-214) 

Sofel)' Confmod Spo<e Enloy(rof AP-211) 
M•inlonnn<e: Lookdo!cctionond fugitit•o 
omi»ion• moniloring (r<f AP-214) 
n.m.,,i, Prep";-.dne>s: (rof.AP-216) 

CO.n bJ,;: (r<:f. AP-220) 

How docs a PID Work? 
A Photo Ioniz<llion Dctcclor (P!D) U><> an \Jltraviokt 
(UV) light"'""'' (l'hot.r light} to breok down 
ohcmi"'l< to po,jtivc and negative ions (loniurtion) thot 
oon cosily bo counted with o Del<d<>r.loni:zotion "'"'"" 
v.·h<n o moloculoobsorbs lho high onoogy UV ligh~ which 
""cites the moloeulo ond '""Its in tito tcmporn•y loos of a 
negntivoly oiwgod oJ..,tton and !he formntion of 
posilivoly charged ion. Tho gas ~om"' oloctrioally 

Anoptio>lsyst.onusing '"""~"m""'od 

UIU•::.::~:~~::.:~·~~~o""' ~ '~';'=:~:~" 
"''":'!"'""''~' • 

~:,.·.·.~-~~ "':;:,,ii~~ '"" 
~""""""' . ' -; .-~""""" '""'""''"'"" 

.;~l .. ;.; ";.:E.: 
tho!N•mp """"'""""""' 

chargod_ ln tbe Detoctorthore charged f'lrticlo.< produce a 
cor-rcnt thai is !hen amplif<ed and dispi'J'ed on lho melor 
os "ppm" (f"'rts per million) or cvon in ~ppb" (ports per 
billion}. Tho io"" quicicly rooombino nficr tho cl<:olrodes 
in the dote<:tor to "teform"'thcir original molecule_ PJDs 
arc noo-dcstruotivc~ !hoy do not "burn" or pormoncntly 
alter the "'mple gus, wbieh ellows thorn 10 be used for 
,.mplo gnth<ring 

Whnt docs a PID Measure? 
All d"'"onl> uod '*"mi""h con b< ioni..,d, but lh"}' dilfer 
in !ho omount of onorgy they "'quiro. Tho '-"""'!!l' rquired 
to <lisplo"" •n dcctron ond "ionizeH o compound i• called 
it> Jonilotlun Polontlol (IP). moasurod in oleotron Yolt> 
{eV). T11o light enorgy ominod by on UV l!tmp is olso 
mcosurcd in eV. Ift/oe IP oftlo~ .<omple E"' l! I= 1/oan 
/Joe eY output of the lt>mp, then 1/oosamplegfL< ,.;u be 
inni~d. 

PID Operation Simplified 
While lhi• '"""d.' oomplieOicd, il ;_, •cry simpl)' 
oxploino~. A PID "'" • l•m~ to hrcol< down 1!"-'"·'"nd 
vapors 

{/1/r. "l'OIIag<" of o go.< or vapor;,; lcs.!l/ron 
1/0< "waffage" oft!O< PID /omp, t!"n 1/" PED 
'"""""''"1/oega.rorvapor. 
lftloe ">"'llag<" of II'" gas or vapor fs greater 
''"'" tloai ofd.c l'!D !Oolljl '"" PID Calmot .. ,.., '" 
lhc-.apOr-

Thorcfore, a PID wilh o '7) v.·an" lomp coul~ ''" a "SO 
wall"!!"-' but oould ool "S<:o" a "8.1 \\~II"!!"'· "Wottos<" 
for PID' ;, oxpro~'i<d in "EI«:Iron Volt•" oroV nnd i• 
J:no"n os the Ionization Polential (!P] foro p•nicular g" 
or .apor. Ionization Potcnti•l is o moasurc of the bonol 
mronglh of a !"-', m how well il is "built .. 

P,soribulod by ,\FClmom,ional Inc 
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Bcnzoneha>onll'of 924eVand canb<:•=byo 
"standord" 10.6 oV lomp. Melbylenc Chloride hos onlP 
of 11.32 oV ond can only b< '"'" by on 11.7 eVII!fllp. 
Cnrhon M<>no:<ido ho.< on lP of 14.01 eV mtd ca""ot b< 
ioniudbyoPIDII!fll]J. 

IPs oon be !bmld in lhoNIOSHPookct Guide, PID 
manufacturer litcmturt> or in many chomic•l tc:<ls. RAE 
Sysl<ms =a NlST (Na~onal Ins~tulo of Science & 
Technelogy) Database containing over 11.000 
<OJnpouuds to doleunino IPs of new compounds to be 
measured (plco•o rt>fcr<:nco RAE Systomo publicatiun TN-
106 "Corrcolion F•o1QT5, lonizntion Polcnli•ls •nd 
C•librotionCbornctcri•lics"). 

WbatDocs a PID Me:morc? 
Tho largest group of compounds'""'"""" by n PID "'" 
tho Orgonics: oompouod.' conloiniug Cool>on (C) ala'"". 
Ihoseinolu<Jc· 

Ar<>molies ·compounds e<>nlaining o benzene rinH 
including benzene, toluene. olhyl bcnzc"" and xylene. 

Kolono> & Aldebydos ·compounds with a C?O 
bond including""""""· methyl <thyl kelonc (MEK) 
nod ocetBidehyde. 

Amilas & Amldcs • C.rOOn compounds oon1aining 
nitrogen.likedielhylomin"-

Chlnrlnat<d bydrocarbons • toichloroethyleno 
(ICE), p<r<hloroelh)'lone (PERC} 

Sulfur Dlmpound$- men>OplotO<, sulfide< 

Uruorurotod hydmcorboM- like butadiene ond 
imbutylono 
Akollal'~ like isopropanol (IPA) and ethonol 

Solurot<d hydrocorbons • like butatW and octane 
In oddilion to orgonio rompotnlds, P!Ds '"' be =d to 
mcosuro ,.,rno lnorgonie>. The:;c '"'compounds without 
carbon •nd induOc 

Ammonia 

Somioonduel<>r go.'""' Atsine, Plw<phine 

Hydrogon>ulfido 

NitrioOxide 
Bromittoandlodine 

What PIDs Do Not Measure 
Rodiotion 
Air (N1, 0,, CO,, H10} 

Com,non Toxic.s (CO, HCN, S01) 

Nnlurnl G"-' (Mcthnne, Ethone) 

Aoid Ga>os (HCl, HF. HNO,) 
Olbcrs· Fr<ons, Oro><(O,), Hydr~cn pcro•idc 

Non-volatiles; PCBs,G'""'"" 

9.8 & 10.6 eV vcr.<us 11.7 cV PID Lamps 
AI r..,t glance. it may oppcnr thot to mcosure the broodcst 
raogo of g.scs wi1ha P\D on 11.7cV lomp should be used 
insteod of o l0.6cV lomp. HoWOl'or, thdollowing must 
becon5iJored ' 
• 9.8ondla.6•romoro>p<<ir.<: !o"~rll'moo"" 

that they ·~co" fewer ohomi<nl,. 

9.8 ond 10.6 1051 a few years: oboul tho '"m" 
lifetimoundcost,.nCOscnsor. 

9.8 and. 10.6 Dre mn.-. sensitil'<: 11.7 cV lnrnp• 
~r<wido lowor r<>olu6on: lhe lilhium fluorido 
cty•!al in the 11.7 eV l""'p docs not allow" muo:h 
li~ht oneogy th<ough, elT«:tiv<ly making !he 11 7 cV 
Jnmp"<limmcr"'lhon lho 10.6<Vlomp. t=onergy 
tr.uosmittcd mcoM lo"' iooizotion tokins plaoe, whieh 
redllCes!hepotcnliol ""olution. Bsontielly a 10.6 
~v lomp is lO times more powerful limn'" Jl.7 cV 
Jomp. Therefore, lbr bo•l OOC<uraoy, il is oot 
f<'<ommonded to usc-11.7 eV lomps for opphootiorul 
requiring vcoy hish sensitivity. E•ompl"' include 
formaldehyde "Whioh hos on OSHA TWA of just 0.75 

~· 11.7h-'• "'ltuH<I"Iif• than,.8 nr )o.6. Allll.? 
eVInml" (inc1udinB '"""' mode by RAI:'s 
cornpelitors) hoven window made ofLithium 
Flooridc lo lronsmit tho hi~h energy UV ligltt 
Lithium Fluoride is har<lor lo ''"d to tho lomp gin,., 
i• vory hygraso:opicond ooadily •bsorbs \\~l<I from 
air ovon when not in.,._ This oouscs tho window to 
swell ond dco:r= lho•mounl ofligltt tr•n,.,oinotl 
through the v.in<low. Lithium Fluoride ol.'o is 
doll"'dcd by UVligltt, lhe mOIO lho in<tr"""'nt is 
Ot><d the grco.tor tho dnmogo. Thc>e foetor-. 
contribute too .Oortenod l=p life. While a 10.6cV 
l•m~ """ lost 24-36 monlhs. on 11.7 eV lomp will 
tyricollyfu•tonly2-<i""'nt""-
11.7 oV bull" •loould only be used when 
~ompound$ wilh JPs m-.r ln.~ eV oro "po<led; 
E""mrl'" inolude mclhylone ohlmide, chlorolbrn>, 
andoorbontotroohlorido. 

L<as! "'P"""'"' •nd ons!cst to cl!ongo J 1.7 <V 
lamp: While RAE Systems' 11.7cV lomp is tho 
!cast oxpco<ive ill the PID morket, with •orne 1 L7 
cV lomps <:O>tinJ!., much 05 $500, they •till "" 
mmc c:tpens.ive lhan • lO.eV l•mp. Unlike ;orne 
PIIh that roquire c:<pen.1ivo oonve,;ion kit<, RAE 
~y<tems 11.7 cV lorn!" drop ri~ht into our 
in<tnlm<nts. Nomodificalio..,oron="''Y· You 
ch"'B• tho lamp, n:calibrato nnd measure 

Long T<lm Slorago of 11.7 Lomps: As n solution 
to tl1e problem of shonlifelime for I 1.7 Jomps, RAE 
offer:; lhom pockoged in 5<lllod glo" ompoules. The 

gos in tho omroulc is tho ""'"" os in lhelomp. Tho 
ompoulc elfeo::tivcly pock'S"' o nowlomp in • lomp. 
Whon tho ll.?lamp i' rcquired, the ompoulo ]5 
hrok<n, the lamp 'f"'OV<d ond in>Orlcd into lho PID. 

·,.t. J 
Scorelinetn 

ho-cokingtho 
~mj><>lll< 

"''i ~ 
jf 

11.7oVI•mr 
ln,ldoufAmpoulc 



Resulting in 0 cool! ~ow_ power draw is "';;p and small batteries 

0 

N e stze of RAE PID:. ey factor in decrcasfug 

_nlntcmaleon!a •• 
doschargo_larups ore rrunalmn: Electrodcless 
no metal m them 

10 
=ally excitod oru1 have 

E~t':"mely rugged• B ge, erode ormigral<:. 

climmate m tal • ecause th d 
disoharge la:.ps to glass inlerfacc?'e~~r ~~ems h= tnta~; :t~dy rugged_ RA;" 
>nt<rfa~s in tlooir lO ;""vaf~d a/! metal-glass 
magnes1nm flu - · e "'"'P· The 
lamp's gl= onde crystal is welded loth 

Virtually n~ RFI e rwered by a low-~: EMI: _RAE lamps are 

rn':~':I:~~,·ith elecl:~·~r~:l~~ field 
lntcrfc uallycliminot., R-·~ omps, this 

renee (RFI). ,.,,.,oFr<qucncy 

How has RAE PID Sensors? Systems Advanced 

Competitors A -Sampleen!Orsol xmiFiowScn•or 
arul catOOOo surrolll'ge ""'''" chomk. "-
>!roam is directed ~~ding H li~o > dtLtm 

1
\h <ool"'l onodo 

tre<!l)' nl the lomp c'o;; ;.::r_lc 

ton Flow (X axis) + 
Samol• a uv Flow !"•""') 

C~ E••mplo; To!ucn 

• lf PID reads 100" 
Toluene atmO>fili~~;' of i'<lbu~ylone units in a 

Then the actual Toluenell!lil-• concentration is 50 ppm 

o.s<>~ tOO ppm •• ~ so 
~Eumple: Ammonio p(>m,.,.,,. 

IfPIDren<L• IOO • Ammonia atmos::. of iwbutylene unils in on 

Then the actual con Ammonia units oentration is 970 ppm 

How to9~~;x l~O ppm,,= 970 ppm Particuln~rmtne ifaPID con M ·~""' 
L IstltelPort'he <a!urca 

lomp? gns I= tltoo tho eV output of tho 

Yts: gota<tepJ 
No: Selccl•bi h 
:vaiillble, il1<ll ~~:~";'l!Y lomp. If none 
"- ononotm=ur.,th>l 

~~n'l Know: MostPID 
2 !stheCFt:!tltnn!Ol m""ufoctlltCrscon 

0 ~::u~~~~;,•noppropriotewoyof 

• No: oPID~ no~" 
measuring tb>! g: ~ce~roto nt<afl< of 
good:'"-}'Ofgr • uutcould<titlboo 

Don't Know:"~:~~~ ""'rn<a-'i\lr<:m<:nllike loo~ 
WhyCalibratc • at%77-123-2378 

lsobutylcoehasb« With bobutylene~ ~spon•iven=. : uscdlo &~~librate PlD. 
seruilivity of~ • I":llllldpoint in thoro beoouso it• 
non-toxicnnd '- 1" ~<l•tively"" nse of 
used for ca]i~~n--Oommoble at the 1"~'" obl<!in .nd i; 

~:;;,::;:~::·~r:'E::;::.;2~~:7~:·:"" 
cahbrntedwltlt o\mltod_withisoln!ty~ out WhilcP!Ds 
;, to be =d I ony ooiU21lble ga~ Fern:, they "'"be 
bo cotibrotcd ;. '""''"''only Vinyl ~h~mplo, if n PID 
Chloride """11Y 'Mih' know 00 ondo! 11>: PID oan ..:entrntoonofVinyl 

HowHasRAE Lamps? Advanced PID 



towonls the lomp lens hke mony olher P!Ds. 

This results in less dirt and solvent vapors 

accumulating on ~~e lamp lens because 
contaminants ideally "keep going" postlhc 

lompface. 

Advnntages of the RAE Systems "3-Dn 
Sensor 
Tho"'J.D'" 
seru.ori>uilds 
ontho•uccess 
oftho"2-D'" 
=or.lth" 
oil tho 
ll<lvon!n£<Sof 
tlle'".l.-D" f

oo,ow 
mJ 

Sample Flo 
(X axis) 

•=m with UV Flow 
nO.Jitionol {Ya,.-js) 

foam=lntho 
RAE Sy>lorn> tln«:-<lim=rional or "3-D" ""'sor,tho 
""mplo is drawn"""" tho lomp in a lnminormon~~<r 
fonninc the first ofthreo dimc'"'ions. Th< light rom"' up 
from tho UVlomp ot o 90-<lq:r<< ongle to tho >Omplo 
fiow. Tho ion bias ond «nsins oloctrodc• are not ptates 

like in the 2-D ·"'""''· Rnthotthcy aro tinccrs ploood in 
tho somplo flow so thot tho ion Dowis ":ro~' tho "'mple 
in tbc Z-axis. This "'nsor is used in thoMiniRAE 2000, 
UltroRAE and o variont ofit is us«< in tho rrbRAE 

u,-.,t Humidity Respon><: tho 3-D "'""'r 
climi1111tcs the Willis of the scnsor in tho2-D~«Si<>rt 
Pitt'"" llCcumulote on son<Orwolls providin~ nuclei 
of eondenoation. Mobturo ;, nttrootod to these 
nuolei r,,.,_ If erto"!lh ditt is pr<se»~ rho moisture 
ean coodeose •nd form nnd eleetri<:al path from tho 
bi" to tho scn~ng elcotrodo. Thio ;, oolled ""'"'' 
'1cokagc" ond "'"'"' will obtain abnomllrlly high 
re>dins•- By oliminoting the wall in thd--D scosor, 
this SO\l!'C< ofmoi<ltife rosponse is eliminated 

l!<Uory L!n<•rlry: tho 3·D ""'"" incr=c lincority 
from 0-2000 ppm in 1he ~-D sc:rnor to 10,000 ppm. 

y.,, .. , rosponoo & r<eovcry: !.=Hum 3 ''"-to 
90% up to IQ.!lOOppm! 

Simp!• J.mp & """''d'"""'ll' Th< 3·D set1sor is 
co•ily «moved from lho PID without tools. This 
allow:;- "l"'"to.,, nol instrument l«hr>ioioru, to 
quickly on<l =ily dc:m 8"'-"IY contamin01<:d 
scnsaro. Undornonml uso~c. tho J.D '"'"""'will 
cl<On itaelfwhilc on chnrgc (ref. TN-165). 
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Tip.< on using a PID 
Never U•cTygnn Sample Tubing 
Bccou>< lygon ~1mplo tul>ing quid<ly absorb> muny 
chemi<nl 'apO!', it •hould NEVER ho used in ";Eh P!Ds 
Tygoo tubing will rcr!uoclhcPID ""'"""' wbcn 
mco:;uringm,ny ehcmic•b •ml ""'Y ca""' "fa],., 
positivos" when chornie•l• do not cxiot duo to tho 
"mrl£asing" of old oh<micals from tho 1ygoo tubing. 
Tygon lllblng is typicatly fourul "'tho n:moto "mpli\ljl 
ml>ing >Upplicd with m0>1 eonfinod '"'"' mor>itom 
Only ToUon, ToOon lined tygon or •irnilar non-~eJ~ctivc 
tuOing should bo usod \vith P!Ds. Tonon tubing will not 
obsorb chemicals but it can gel cooled. Cloan 
conto.minoted Toflon lllbing with anhydrous mcEhonol 
(lamp cl=in~ solution) ifit ~ets oooted with chcmiool 

Whru. to Clo"n 11 PID 
From time to time n PID lamp and sem;orrequiros 

cleaning. Historicoily, some PID """"'cleaned 
!heir llllllps doily, often neglecting !he :«noor and 
sample components before the""'"''"- Typically 
frequent cleani.'lg is not necessary and con lead to 

inadvortenl damoge to tho P!D lamp and sensor 

Thefollowing is • guideline on when a PID 

requires c]e•ning: 

Clta11 PJD Lamp& Sensl!r 
1. Wh<:ll disploy e""'''' llpWii.Ris nftcr good zero 
2. When PID rosronds to rnoistult' 
3. When movemcnlofP!D =ull• in'""!"'""' on 

di"t'ley 

HowtoCI£IIIt 
1 Usc :rnhydmu> mcth•nol (l.omp d011ning 

solution) 
2. Clean somple prol>< ond ropillCo"' donn filtors 

lfP!D hold• a •tnblezero nflor thi3 <1op lhen 
furth,- d011ning "'"Y not be n"'"'"'Y 

3. Ct<anlompfm:ewilhl<nstisSIJO 
4_ Clan sensor by immersion in cl«rning solution 

(an ul"""onic clooner will speed clconing) 

DryingrhePID 
l. l.ct•irdoyovcmight 
2. Woml!lir(nothot)will speer! drying 

Al>out tb.,Anthor 
A grll<ill£lte ofComcll University, Christoph'"" Wrenn is 
tho p;,.,.,ror ofPort.>ble Jnswment & Monitor Busin<'-' 
for RAE Syotcms ond hnving been Product Applications 
Mmogcr, GoYornrncn1 Sal"" Monoger •nd Eosrom 
Region•! Mmnger for RAE Sy.tcms prcviou•ly. Ju<t 
prior to RAE Systems, Mr. Wro:nn ,,,,.No~h<ll•tem 
Rogion•l Manosor for CaimsAir, a division ofCoirns & 
EroEhm. Previously,., Product Mono~er for Bio=rino 
(Mnnufacrurcr ofBioPak SCBAs),Mr. Wrenn""" 
ro•ron•ible for lrainins mi!i!l!ty porronru:l =roruiblo fur 
lhc ole.tri-Up of chemical woopons on tho usc of long 
du,.tion olOS«J-eircuit SCUAs (rebre,hors}. Mr. 
W~<nn's P"l cxpcrionoo in g" monitoring came., 
Director ofM•rkoling for Noutronics, Inc, a 

m•nuf"turer of fixed gos monitoring for1l1e ohomiool 
proeossingindu<try 

Rof•r~nooo 
C;rniJ. Mnslonski, Ste<"<n P. M"'larurlry: 
Photoionj,_lion Detectors in Air Monllorl11g 
brst,..mO<mo/1"''• Now York, Von Nos~and Reinhold, 
!993 
NJOSH: Pockd Guide ru CJ"'mi<o/ H=>rd>. NIOSH 
Publiootioos, Ciru:innati,OH 1994 
RAE S)~tems: Com:ction Factors and loni .. tion 
Polcnliol' (Tcohnioel Note TN-106) 
RAE Sy,cms: Sorting AlonnLtlnits for Mi:<tur"' 
(Teclu\ioolNotaTN-130} 
RAE Syotcms: Measuring Corrccton F"otrs ["' 
Volatile Conopounds with FIDs (TN-120) 
PIDTminingO..Uino 
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Sample- A sample is physical evidence collected from a facility or the environmout, which i• 
represemative of conditions at th~ point and times that it was collected. 

Sample Collector in the case of an environmental sample, this would be the eme.gency personnel 
(e.g., Hazmat)collecting the sample; for clinical samples sent from sentinel labs, 

Sample Courier The sample courier is the person, generally a commercial company (e.g., Fedeml 
Express) that is responsible for transporting the sample from the sample collector to the next sample 
handler. 

Sample Custodian The sample mtodian receives the sample from !he sample courier and has 
demon.otrated competency in handling of samples and maintaining a COC. 

4.0 RESPONSIBILITIES 

Project ManaAAr- The Project Manager is responsible for ensuring that project-specific plans are in 
accordance with these procedures, where applicable, or that other, approved procedures are 
developed. The Project Managttis responsible for development of documentation of procedures !hat 
deviate from those presented herein. The Project Manager is responsible for ensuring that COC 
procedures are implemented. The Project Manager also is re<>ponsible for determining that the 
analytical lab-oratory has met custody procedures. 

Field Team leader The Fidd Team Leader is responsible for determining that COC proced!lles are 
implemented up to and including release to the shipper or laboratory. It is the responsibility of the 
Field Team Leader to ensure that these procedures are implemented in the field and to ensure that 
personnel performing sampling activities have been briefed and troined to execute these procedures. 

Samplinv Personnel It is the responsibility of the field sampling personnd to initiate COC 
procedures, and mainlllin custody of sample.< until they am relinquished to ano!her custodian, the 
sample shipper, or to a common carrier. 

5.0 INTERFERENCES AND POTENTIAL PROBLEMS 

The following are interferences or potential problem:; associated with sample homlling: 

Samples should be protected from sunlight which may initiate photo-degradation of sample 
components. Coolers should b-e kept i:Josed as much ·as possible. 

Delaying sample preservation (e.g., cpoling with wet ice) may cause chemical reactions to 
occur, altering original sample compOsition. In>proper sample preservation moy adversely 
affect nnalytical resuhs 
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NOTE: SITE-SPECIFIC COI'o'DITIONS MAY WARRANT CHANGES IN PROCEDURES 
AND APPLICATIONS. FIELD STAFF Sll-'\LL DOCUMENT ACTUAL PROCEDURES IN 
THE APPROPRIATE FIELD LOGBOOK. 

1.0 PURPOSE 

The purpose of this SOP is to provide i~fonnatiou ou chain-of-custody (COC) procedures to be used 
to document sample handling and trnnspon to a subcontract laboratory. 

2.0 SCOPE 

This procedure describes the step.< ncceS'lary for tran•ferring samples through the use of COC 
recording prucess. A COC document (Attachment 1) is required, without exception, fur the 
tracking and recording of samples collected for on-site or off-site analysis (chemical or geoteclmical) 
during environmental projects. Use of a COC creates ;rn accurate wrinen record that can be used to 
trace the possession and handling of the sample from the moment oflts collection through analysis. 
This procedure identifies the nece.<.<ary custody records and describes !heir completion 

3.0 DEF1NITIONS 

COC - A COC is a primed form (Attachment 1) that represents a written legnl document 
accompanies a sample or group of samples as custody of the samplc(s) io transferred from one 
custodian to another custodian. One copy of the form must be retained in the project file. 

Cuwxlian - The person responsible for the custody of samples at a panicular time, until custody is 
tmnsferred In another person (and so documented), who then becomes custodian. A sompleis under 
one's custody if: 

It is in one's actual p<Jssesoion. 
It is in one's view, after being in one's physical possession. 
It was in nne's physical possession and then be/she locked it up to prevent tampering 
It is in a designoted and identified secure area. 

IA T A - International Air Transport Association 

ill-ldemificotion 

PDA- Personal Digital Assistant 
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Poor penmanship may cause the sample IDs to he inaccurately reconled by the subcontmc! 
laboratory. Write all information cl"'lrly on the COC. Minimize the number of stTike·nut 
lines if possible. 

Somples may be delay<'<! during shipment is shippiugpape:rs are not completed appropriately. 
Identify all information needed for shipping documems before the field event to ensure that 
addresses, contact names, and billing numbers are known and available 

Samples can also become contaminated from spills and unclean coolers; therefore, all sample 
shipping equipment must be kept clean. 

6.0 EQUIPMENT AND SUPPUES 

CQC Forms 
Sample Labels 

Custody Se~ls 
Tape 
Pen, indelible marker 
Commercial courier shipping forms 

URS .•hipping/billing number (for courier forms) 
Telephone numbers 
Shipping, packing supplies 

7.0 PROCEDURES 

The tenn "chain-of-custody" refers to procedures that ensure that evidence presented in a court of 
law is valid. l11e COC procedures track the evidence from !he time and place it is first obtained W 
the it final use, as well as providing .<ccurity for the evidence "' it is moved and/or pJSsed from the 
custodY of nne individual to ouother. 

COC procedures, record keeping, and documentation are an important pan of the management 
contml of samples. Regulamry agencies must be able to provide the chaio-of-posse.<sion and custody 
of any samples that are offered for evidence, or that form the ba<i< of analytical te.<t re.<ulLI 
introduced as evidence. Wrinen procedure> must be available and followed whenever evidence 
sample< are collected, tronsferred, stored, analyzed, or desuoyed. 

Custody procedures differ among laboratories. Custody procedures of the analyzing laboramry are 
identified prior to field activities. Field personnel must make arrangements with the appropriate 
labomtory for proper sample containers, preservatives, holding times, and sampling request fonns. 
Sample custody must 0.: traceable from the rime of sample collection until results are reponed. 
Sample custody pwcedures provide a mechanism for documenting information related to sample 
collection and handling. A COC form must be completed after sample coll~ction and prior to sample 
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shipment or release. The COC form, sample labels, and field documentation must be crossed 
checked to verify sample identification, type of analyses, number of containers, sample volume, 
preservatives and type of container,;. Additional information on sample handing and custody 
procedures can be found in EPA guidance documents_ 

7.1 Sample ldenlificalion/Sanmle Labels 

The method of identification of a sample depends on the type of measurement or analysis performed. 
When in-situ measurements are made, the data are reconlerl directly in electronic devices (e_g_, 
Personal Digital A.<;sistants [PDAsiJ, bound logbooks or other field dJta reconls with identifying 
information. 

Information which shall be reconled in the field logbook or other field data records, when In-situ 
measurements or .1nmples fur laboratory analysis are col)ecterl, includes: 

Field Sampler(s) 

Project and Task Number 

Project Sample Number 

Sample location or sampling station number 

Date and time of sample collection and/or measurement 

Field observations 

Equipment used to collect samples and me..,uremeuts 

Calibration data for equipment used 

Measurements and observations shall be recorded using indelible ink. 

Samples, other than in-situ measurements, are removed and transported from the sampl~ location to a 
laboratory or otherloe01tion for analysis. Before removol, however, a sample is often divided into 
portions, depending npon the analyses to be performed. Each ponion is preserved in accordance 
with the project document {sampling plan). Each sample container is identifierl by a sample label. 
Sample labels are provided, along with sample containers, by the analytical laboratory. The 
information recorded on the sample label incluMs: 

Project Name 

Sample Identification- the unique sample number identifying this sample 

Date - A six-digit number indicating the <hty, month, and year of sample collection (e.g_, 
12111/10) 
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EL-SB004-SB002-10192009 -The 2nd snbsurface sample collected from sample location 4 at 
the Coke Plaut SWMA on October 19,2009 

EL-SW004-SWOOI-l OJ 12009- A surlace water sample collec-ted from sample location No.4 at 
the first depth at the E..,tLake SWMA on October31, 2009 

CP-MWOII-SB0\-12122009- The fu:st subsurface soil sample collected during installation of 
Monitoring Well No. II at the Coke Pl~nt SWMA on December 12, 2009 

EL-SB022-SS-10312010 - A surface soil sample collected from s3II!ple location No. 22 at tbe 
East Lake SWMA on October 31,2010. 

EL-SB004-PZ-10312009- A groundwater sample collected from a piezometer at sample location 
No. 4 at the East Lake SWMA on Oetober 31. 2009 

CP-04252009-TBOS -The 5th trip blank sample associated with samples collected at the Coke 
Plant SWMA on April25, 2009 

WE-0925201 O-EB22 -The 22"' equipment blank sample associaterl with samples colle~ted at the 
West End SWMA on September25, 2010 

CP-SB08-SS·I0022009-FD- A field duplicnte sample of a surlace sample collected from 
s=ple location 8 at the Coke Plant SWMA on October2, 2009 

CP-SBOS-SS-1 0022009-MS/MSD-The QC sample for MSIMSD analysis of a surface sample 
collected from the sample location 8 at the Coke Plant SWMA on October2, 2009. 

7.2 Chain-of-Custody Proceduns 

After collection, separation, identification, and preservation, the sample is lllilintained under chain­
of-custody procedures nntil it is in the custody of !he annlyticallaboratory and has been stored or 
disposed. 

7.2.1 Field Custody Procedn= 

Samples must be collected as described in the site sampling plan. Care must be taken to record 
precisely \he sample identification and to ensure that the sample ID on the label matches the COC 
ex~clly. 

The sampling team undertaking the ao;lual sampling in the field is responsible for the care and 
custody of the .<amples collected umil thdyare properly transferred or dispatched. When photographs 
are taken of the sampling os part of the qocumontation procedure, they will be entered into a Photo 
Document Log with description ofthepitoto; photographs will be stored in the project files. It is 
good practice to identify sample locations in photogrophs by including an easily rend sign with the 
appropriate sample/location number. 
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Time -A four-digit number indicating the 24-hour time of collection {for ex•mple: 0954 is 9:54 
a_nL, and 1629 is 4:29p.m.) 

Medinm- Water, soil, sediment, sludge, waste, etc, if required. 

Sampk Type- Grab or composite. 

Preservation- Type and quamity ofpreserv•tion added. 

Analysis- volatiles, •emi-volatilos, pesriddes. metals, cyanide, etc. 

Sampled By- printed initial.< of the sampler. 

Generally, th~ robcontractlahorato.y will provide pre-primed labels forproje~ts if requested. The 
laboratory should leave the fields for date, time, and ~nmpled by empty. These fields will be 
completed by sampling personnel at the time of sample collection. 

The sample identification {ID) consists of the fol!owing parts {USS, 2008): 

SWMA-Boring Location-Boring Depth-Date-Field QC {as needed) 

SW!\-IA -The firnt identifier of the sample name are two letters designating the Solid Waste 
Management Area {SWMA)- Samples from theEru;tEnd will be identified as"'££." Samples from 
Eru;t Lake will be identified as "'EL."' etc. 

&ring Location- The second identifier of the sample name is a five-part sample source code. 
Examples inclnde "SB" {Soil Boring) followed by the location number. Samples from soil boring 10 
will be identified as "'SBOJO." 

Boring Depth- The third identifier of the sample name is a two character and three-digit sample 
depth code. Examples include ~rlace soil {SS), ~b~rface soil {SB), surlace water{SW), sedim<mt 
(SO), etc. Samplesfmmsurf•cewaterlocation 8 will be identified as "SW008." (Note: Samples of 
surlace soil do notrequire the three digit depth code. See examples below.) 

Date- The fonrth identifier of the sample name is an eight-digit number representing the sample 
collection date. For exmtpk, a sample collected on Jnly 2, 2009 would have the code01022009. 

Field QC -The fifth identifierofthe sample name is an optional code used only when QC samples 
are snbmitted to the laboratory. Examples include trip blank (TB), field duplicate {FD), matrix spike 
(MS), matrix spike duplicate {MSD), equipment blank (EB), and source water blank (SC)_ ForTB 
and EB QC samples, the two lett"f code will be followed by a sequential number (e.g., TB05). 

Below are some examples of possible sample IDs: 
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Sample labels shall be completerl for each sample as described in Section 7.1, using indelible ink 
unless prohibited by weather conditions. 

Sample.< may require short term storage in field locations prior to delivecy to the !aborattny fOJ: 
analyses. The storage may be in vehicles or lodging locations. The samples must be secured to limit 
access totbem. A !ockerl vehicle is considered controlled access. However, simply a locked lo~ing 
room is not secure due to potential custodial nccess. If an unattended lodging room is used for 
sample storage, the samples must be further secured using a custody seal {Attachment 2). 

7 .2.2 Transfu of CIIStody and Shipment 

A COC must be completed and accompany nil samples for subcontract laboratory analysis. When 
transferring the possession of samples, the individunl{s) relinquishing and receiving will sign, date, 
and note the time on the COC. This COC documents sample custody transfer from the sampler, often 
through anotberpernon, to the analyst in the laboratory. The COC i:; filled out as given below. 

Enter header infOII!lation {project number. samplers, project manager, office address and 
phone nnmber, and project name if not completed by the subcontract laboratory) 

Enter sample specific information {oample number, media, s.mple onalysis required and 
analytical method, grab or compooite, number and type of sample containers, and date/time 
sample was collected). 

Sign, date, and emer the time un~er "Rdinquish~d by" emry. 

Have the pernon receiving the sample sign the "Received by" eotty. If shipping samples by a 
common carrier, print the carrierto be used in this space (i.e., Federal Express}. If a canieris 
used, enter the airhill number onder "Remarks," in the bottom right comer, only if n>ing 
shipping papers in han! copy. 

Place the original {top. signed copy) of the COC in n plastic zipper-type bag or other 
appropriate sample shipping package. Retain the copy with fi~ld recon]s_ 

Sign and dote the custody seal, a l- by 3-inch white paper label with black lettering and an 
adhesive b~cking (Attachment 2). The custody seal is an imegral part oftheCOC process 
nnd is used to prevent tampering with samples after they have been collected in the field. 
C111tody seals shall be provided by the analytical lnborotory. Place the seal across the 
shipping container opening so that it would be broken if the container was to be opened.' 

Complete other carrier-required shipping papers. 

Other import;mt information ,-elated to COC documentation includes: 

The custody record ls completed using indelible ink. Any corrections are made by drawing a 
line through ond initialing ond dating the change, then entering the correct information. 
Erasures are not permitted. 
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Common carriers will not aooept responsibility fur handling the COC; therefore, they should 
oat be asked to sign it This necessitates packing the record in the shipping <:onminer 
(enclosed with or her documentation in aplastic tipper-type bag). As long as custody forms 
ore sealed inside the shipping oontainerand the custody seals ore intact, commercial carrie,; 
are not required to sign tl1e custody form. 

Shipment of .>am pies to an analytical!abomtory is usually required upon completion of somple 
cnllection.l'roper packaging is necessary in onler to protect the sample containers, to maintain the 
samples at a temperature of 6"C or less, and to comply with all applicable transpor!ation regulations­
Samples must be packaged ro prev.,t breakage and leakage of any melted ice from the shipping 
c~ntainer. 

!n general, samples are shipped using packaging !hat is supplied by the analytical laboratory. The 
packaging normally includes a shippable insulated bo~ such as an ice cooler and contains protective 
imernal packaging materials such as f<)am sleeves or bubble wrap. Some laboratories 11.1e proprietary 
sample packaging "'ith integrnt internal packaging_ In ei!her case. provisions need to be made for 
maintaining the temperature of the samples either with the use of ice pack<; or ice. 

Care should be taken to ensure tilat !he sample bottles are adequately protected from breakage during 
shipm<mls. Samples should be secured tightly with bubble wrap oro!her suitable packing media and 
covered with plastic bags. lee should be added to the shipping comainer ouly after the samples have 
been secured with packing media. lee should never be used to provide separntion between sample 
!Xlttles. Always put the COC in a zipper-type bag and tape to the inside cover of the cooler. Once 
packed, the cooler should be secured shut by wrapping tiber reinforced (strapping) tape completely 
around the cooler 

Custody seals shall be placed on the outside of the cooler, and dear tape should be wrapped around 
the cooler to cover each seal without oblltemting signatures or other significam data. The shipping 
label shall be secured to the outside of the shipping container and, if it is attached to the top of a 
cooler by adhesive. clear tape shall be used to secure it to the packaging. A valid return address must 
appear on the shipping label in !he evem the shipper is unable to deliver to the designated address. 

Other shipping requirements to be aware of include the following: 

Somples preserved at6"C using ke packs or ice shall b-e shipped via overnight delivery_ If 
samples are sent on Friday, Saturday delivery will be requested and arrangements must be 
made with the laboratory to receive tile shipment. Chemically preserved samples may be 
delivered 10 the laboratory using ground transportation. 

The laboratoryrepresenrative who accepts the incoming sample shlpm•nt signs and dates the 
COC. completing the sample transfer process. lt is then the laboratory's responsibility to 
maintain internal logbooks and custody records throughout sample preparation-and analysis 

ATTACH.VIENT 1! CHAIN-OF-CUSTODY EXAl\lPLE 
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Regulations musr be observed regarding the shipment of any '"Dangerous Goods." Sample 
containers and certain field equipment may be defin~d liS '"Dangerous Goods" such that 
special requirements must be followed for their shipment. Air shipment of "Dangerous 
Goods" is regula!"<! by the International Air Transport Association (lATA) as described in 
"Dangerous Goods Regul~tions". Shipment by ground is regulated by the U.S. Department of 
Transportation (DOD. Furthermore. individual shippers (e.g., Federal Express) may have 
additional requirements for "Dangerous Goods" shipment. The shipment of "Dangerous 
Good<" must be cansistent witb the instruction and authorization of the analyticallabonuory 
shipping and receiving coordinator and its Health 3JJd Safety director. 

Note: /f you are unfamNiar with pmper shipping requiremrnts for your sample.•, it i.< )'Oiir 
re.<pon-<ibility to .<eek review and tmderstand URS Sajery Management Standard (SMS) 048 or .reek 
advicefmm the project mana get; or yaur office H&S office. AdditiMoliy, Y"" may call the URS 
.<hipping /wt/ine for /wzat-do/1., matetia/s/dangemu.< gMd.< to provide amwer.< to spedjic .;hipping 
q~<e.•tiom. The numberis8{}0-381-0664. 

8.0 QUALITY ASSURANCE 

The COC musr be made imo an electronic file Md placed on the network. 

Sampling persnnnel :illould periodically cileck completion of the COC by other field pemonnel, prior 
to endosing the COC in tile cooler. The check would verify the field IDs against the IDs on the 
COC. Subsequently, once received at the !aborntory, the laboratory should provide receipt 
acknowlel!gment form so field personnel can verify accurate log~in by the subcontract laboratory. 
Where differences are found, the field personnel should notify the laboratory of the error, and the 
laboratory shonld document the ch•nge in tl1e log-in fl[lffiltive or tl:Je case narrative summary of the 
laboratory repo,_ 

9.0 HEALTH AND SAFETY 

Not appllcable. 

10.0 REFERENCES 

URS, 2009. URS Cmporation, SafetyM3JJageroent Standard for Hatardous Materials/Dangerous 
Goods Shipping. Revision 4. February 2009. 

US EPA, 2002_ United Stares Environmental Protection Agency. Guidance for Quality A.<;sumnce 
Project l'l~ns. EPA QNR-5. EPAI240/R--Q2/009- USEPA Office ofEnvironmeDial Infonnatlon, 
Washington, D.C. December 2002. 

USS. 2008. Facility-Wide RFIWorkplan, Quality Aasurance Project Plan ("Program QAPP") for 
U.S. Steel (IJSS). Gary Works, Gary, lndiana. May2008. 
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The inside cover or title page of each field logbook shall contain the following informmion: 

Project Number 
Project name and location 
Name of Field Team Leader 
Baker's address and telephone number 
Start date 
If severnlloJlbook.s are required, o sequentinl Fitld Logbook number 

It is good practice to list import"nl phone nombers and points of contact here 

5.2 Dailv Entries 

Dally entric~ into !be logbook m:lY contain a variety of infurmation_ At !be beginning of each 
day the following inforrn:ttion must be !ll1:ordcd by each team member_ 

Dale 
Staittime 
Weather 
All field perwnncl present 
All visitors present 
Other po11inom infnm~ation (i.tO., planned adJvilies, schedule changes, e.,poctod 
visitors, and equipment changes) 

During the day, an ongoing record of nil site aetivitios should be wriUen in \be logbook The 
master logbook kepllly the field team leader need not duplicate \hoi reooRled in oth<r Field 
LoJlbooks, bul should summarize the information in o!l1et books and, where appropriate, 
reference the pog< numbers of other logbooks where detailed infon"<ltion pertaining to a 
oubjecr may be found. 

Some specific infonnalion which must be reC<Jrded in the logbook includes the following· 

Eqnipmenl used, equipment numbers. cnlibratioo~ field servicing 
Field measurements 
Sample numbers, media, boltle size, prescrvotive;, collection methods, ru1d time 
Test boring and monitorillg well construction information, induding boring/well 
number and location 
Sketches for each sample locmion including appropriate m=remems if required 
Photograph log 
Drum log 
Otherpeiiinent infonnation 

All entries should be n~ade in indelible ink; nll pnges numbered consecutively, and oil pegcs 
must be signed or initialed and &ted by the rcspon.,Ole field personnel completing the log, No 
erasures are pcnniued. If an incorrect entty i~ modo, II"' enll)' shall be crossed om witb a single 
line. inilialed, and &ted_ 

l.OPURPOSE 

This SOP describes the process form<tintaiuinga Field Logbook. 

2.0SCOPE 
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The Field Logbook is a document which records a!! nmjor on-sile activities conducted during a field 
investigation. AI a minimum, !be followingactivities!C\'Cn!s shall be r<corded in the Field Logbook 
by each member of the field crew. 

Arrival/departure of site worl<crs ru1d visitors 
Arrivalfdepanure of equipment 
Sample pickup (sample numllers, "'lrrier, lime) 
Sampling activities 
Start or completion of boreholes, monitoring woUs, or sampling acli~ities 
Heallh and safety issues 

The Field Logbook is inili~lcd upon ani>"lll al the site for the stan of the f'mt on-site activity 
Entries nre made "''"'Y day thai on-site aolivilies toke place_ At least one field logbook shall be 
maintained per site. 

The Field Logbook becomes part ofthe penrurnem site file. Bccal!Se infonnation contained in the 
Field LoB)look m.1y be admitted as evidence in legal proceedings, it is critical that this documnot is 
properly m:lintainod. 

3.0 DEFINITIONS 

Field I.<J•book -The Field I.<Jgllook is a hound notebook witll C<Jru;ecutively numllered pages. Upon 
ently of data, \he loJlbook requires the signature of the responsible data/information reC<Jrder. 

4.0 RESPONSmiLITIES 

The Field Team Leader is responsible for maintaining a master field logbook for \he durntion of on­
site activities. Ea<:h member of the sampling crew is responsible for maintaining a complete ru1d 
accunll<> record of site activities for tlte dlll'3tion of the crew mombers particip;1tion in the project 

s.o PROCEDURES 

The following sections p=t some oftbe information that must be recorded in ll1e Field Logbook 
In general. a record of all events and a<:tivities, as well as other potcJltially irnpoitant infoTJ!Iation 
shalllle recorded by each member oftlte field learn 

5.3 Pbotagranb• 
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If photogmphs aro permitted a! the site, the record shall be nlaintained in the Field Logllook. 
When movies, slido.s or phologrnphs ore taken of any site locatioo, they are Jlumbcrcd or cross­
rcfetcncetl to correspond to loJlbook entries_ The name ofthe photographer, dale, time, site 
lo"'ltion, site description, direction of view and weatber conditions are emered in the logbook "' 
the photographs are rnke11 Special lenses, film, or other image- enhancement techniques also 
must be noted in tlte Field Logbook. Once processed, photographs shsll lle serially numbered and 
labeled cotreSJ)Onding to the Field LoJlbook errtries 

6,g QUALITY ASSURANCE RECORDS 

Once on-site activities have lleen completed, tho Field Logbook shall be considered a quality 
assurnncc record. 

?.n REFERENCES 

None. 
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NOTE: SITE-SPECIFIC CONDITIONS MAY WARRANT CHANGES IN PROCEDURES 
AND APPLICATIONS. FIELD STAFF SHALL DOCUMENT ACfUAL PROCEDURES IN 
TilE APPROPRIATE FlELD LOGBOOK. 

1.0 PURPOSE 

The SOP describes the type and quantity of quality control (QC) samples to be collected for most 
field sampling operations. The goal of including QC samples with any sampllng or analyticnlevent is 
to be able to identify, measure, and control the .<ources of error that may be introduced from the lime 
of sample-cont•inerpreparnrion tbrough sample analysis. Quality assurnnce (QA) samples are used 
as an assessment tool to determine if environmental data meet tile quality criteria established for a 
specific application. QC samples are generally used to establish intrn-laboratory or analyst-specific · 
precision and bias or to assess !be performance of all or a portion of the measurement system. 
Severn! types of samples may be used for esmblishing QA/QC. Any one somple may serve to 
e.<tablish QA, QC, or both 

:tO SCOPE 

QC SJ>mples are those sampks (usually collected in the field) !hat am sent to the laborntocy along 
with the environmental samples in order to evaluate site conditions and laboratory precision and 
accuracy. Evaluation of the resulrn from the QC samples allows for the quality of !he data to be 
as"ssed. There are five tiifferem types ofQC sllii!ples: trip blanks,equipmentrinsate blanks, field 
blanks, dnplicares and matrix spikei'matrix spike duplic:ate{MS!MSD) samples. The first three types 
of QC samples ore uo~d to a.<sess field conditions during sampling ar.d!or transport of the 
environmental s=ples. The latter two types of QC samples are used by the laboratory tobelp assess 
precision and accuracy. (Tile laboratory also has other internal samples and procedures to assess 
predsion and accuracy.) 

3.0 DEF1NITIONS 

Accur.~ey- Accur.~cy is defined as the closeness or agreement between an observed value and an 
occepted reference value. 

Bios -Bias is de~ned as the deviation of a measured value from a reference value or a known spiked 
omount, and is determined by calculating percent recovery. 

Dunlicales -Duplicates are collected to help assess laborntory reproducibility (precision). Solid 
matrix samples are homogenized before being split, except forVOAs, which are not homogenized 
because of ~orential volatile loss. Liquid matrix samples are collected simultaneously. The same 
analyses are completed on the duplicate as on the environmental sample. 
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Equipment Rinsote Blanks- Equipment rinsare blanks are samples of ASTMTYJle n w:oter(provided 
by the laboratory) or distilled water passed over decontaminated sampling equipment. They are used 
as a mearure of the effectiveness of the decontamination procedure. The equipmentrinsate blank is 
analyzed for the same parameters as the environmental samples col!eeled from the pieoe of 
equipment. 

Field Blanks - Field blanks are samples of source water used for deconlllminalion and steam 
cleaning. At a minimum there is one sample collected for each source of warer used per sampling 
eve~ I- The field blank is analyzed for all the parameters tested during the sampling event. 

Performance Evaluation Sample- PEsamples are prepared by an independent manufacturer that are 
submitted blind to a laboratory to assess the accurncy and precision of their measurements. 

Precision- Precision is a measure of the closeness of agreement among individual measuremenll;. 
Precision is detennined by cakulaling the relative standard deviation or tile coefficient of variation 
fur at least eight (8) matrix-spike samples. 

MS/MSD - MS"iMSD samples am used by the laboratory (but collected in the field) to help 
d~termine both p.-ecision and accuracy of anal}"is. Additional volume of .<ample is .-equircd wben 
requesting that a laboratory perform MS/MSD analyses. 

Trip Blank- Trip blanks are 40-ml volatile organic anal}"is (VOA) vials of ASTMType n water that 
are filled at the laboratory, transported to tlJe sampling >ite, and returned to the laboratory with 
environmental VOA water "mples. Trip blanks are not opened in the field. 

4.0 RESPONSIBILITIES 

Project Mana~er It is tbe responsibility of the Project Manager to ensure that project-specific plans 
are in accordance with these procedures_ Documentation should be developed for areas where 
project plans deviate from tbese procedures. 

Field Team Leader- It is the .-esponsibility of the Field Team Uadert~ ensure tlJat these procedu.-es 
are implemented in the field. The Field Team Leader is responsible for ensuring the field personnel 
overseeing decontamination activities, and personnel conducting the activities have been briefed and 
trained to execute these procedures 

Samplin~ Personnel It is the responsibility of field sampling personnel to follow these procedures, 
or to follow documented, project-specific procedures as directed by the Field Team Leader. 

5.0 INTERFERENCE AND POTENTIAL PROBLEMS 

QNQC samples are collected and analyzed in addition to environmental samples to assist in 
identifying the origin of both field and laboratory contamination. In order to provide useful 
information, QNQf:. samples must be \flken, p.-epared and analyzed in the same manner as the 
environmental samples. Failure to do so may result in invalid QA/QC interpretations. 

6.0 EQUIPMENT AND SUPPLIES 

The site specific e~uipmentf"ppamtus required to collect QA/QC samples is the same as the 
equipment/apparatus required to collect the envimmuental samples. Referto the relevant SOPs for 
sampling techniques to obtain lists of the equipmentlappararus required for sampling. The amount of 
s:unple to be oollected, ll1e prop<r sample conwin"f, chemical preservation and storage requirements 
are shown in Table I (Sample Storage and Preservation). 

7.0 PROCEDURES 

The procedures for QC sample collection and the frequency at which each tYJle of sample should be 
collected is described below_ 

7.1 Trip Blanks 

Trip blanks (one pair of 40 ml vials or one 40 ml vial) are sent to the laboratory in each cooler which 
contains water samples for volatile organic analyses_ The trip blanks are prepared by the laboratory 
and shipped to the site with the ~"mple containero. The 1rip blank should also be kept in the field, 
witb the volatile samples, during the period of sample collection. Ifmnldple trip blanks are nsed 
throughont a sampling event they should be kept in a separR!e cool awoy from other sampl~ 
container> until they are used. New trip blanks need to be reguest for each sampling event from the 
labomtory. Trip blanks from previous sampling event need to be properly disposed. Anal}"es ofthe 
trip blank will determine if the sample containers were contaminated prior to sampling or during 
tr.lllsport. 

7.2 Eouipmcnt Rins~tc Blanks 

Equipment rinsa!es bla~ks ~re collected by pouring chemical-free water (provided by the laboratory) 
or distilled water over decontaminated sampling equipment and collecting the rinsate_ The.<e arc 
collected usually at a frequency of once per week per sampling c.-ew and are analyzed for the same 
parameters as are the samples collected from that equipment. If two (or mo.-e) differe~t tj--pe.< of 
equipment are used to ~ollect samples in the same day (say by two field teams, one collecting soil 
.>amptes from split spoons andune collecting s•mples from direct-pu:ill drilling), then two separate 
equipment rinsate blank samples maybe collected. It is also possible that multiple crews are usin~; 
the san>e type of equipment but each crewha.< their own piece of equipment (i_o_, two crewo using 
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two submersible staililess steel pumps), Otereforo each crew would need to collect an equipment 
rinsate blank at a frequency typically specified in !he project site's SAP ond QAPP. The equipment 
rinsate blank results may be used to qualify data that is impacted by improper cleaning of equipment. 

7.3 ~ 

One field blank per souroe of water used for decontamination per sampling e.-em is collected for all 

the parameters analyzed during that sampling event In general, two field blanks are collected -one 
from the potable water source used for steam cleaning and one from distilled water used for 
equipment decontamination (i.e., purchased at a local store or provided by the labDil!tory). The field 

blank is collected by opening np !he water source at the sampling locations :md pouting the waler 
directly into the appropriate sample bottles. Analysis of the sample will indicate whether 
comamination was introduced into the samples during the collection process. A new field blank 

:;hall be collected if the water source changes, or at minimum Once per quarter. 

7.4 Field Duplicates -Aqueous and Solids 

Field duplicates ore field samples obtained from one location. Solids are homogenized wilh thorough 

band mixing and divided imo separn!e containers. They are treated a~ ~ep..-ate samples tbrongbont 
the remaining sample handling and analytical processes. Aqueous samples are collected in various 

manners but usuallytbe VOA sample is collected first along with d1e filed duplicate VOA sample, 
then the Semi-Volatiles are collected along with the field duplicate Semi-Volatile samples {if 
applicable), then the merols sample is collected along with the field duplicate metals sample (if 

applicable), then any remaining samples ore collected along with !he field duplicate being analyzed 
fur the sample parameter. This proceos is continued until all samples are collected. 

Field duplicate samples are used to assess t01al error (precision) associated with sample 

heterogeneity, sample methodology, and analytical procedures. This procedure is useful in 
determining total {sampling and analytical) error because it evaluates sample collection, sample 
preparation, and analytical procedures. Field replicates may be especially important when 

determining precision for critical samples with contamination concentrntions .,ear or above the 
action level (a<:tion level refers to the minimum concentration necessaiJ to require some type of 
remediation, monitoring, or enforcement). A minimum of eight replicate samples are required in 

order for valid statistical analysis to be performed. Field replicates maybe collootOOon a site specific 
basis and do not have 10 be collected at all sites in.-estigated. 

Field duplicates are typically collectOO at a frequency of 10 percent {one duplicate or per 10 
samples), or at a minimum one per day per crew. Field duplicates are primarily used to check the 
precision and consistency of the sampling procedures used and as a check of laboratory accuracy. 

7.8 Sample Collection Records -Aqueous and Solids 
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Records of collection of QC samples are kept in the field logbooks and on the Chain-of-Custody 

form.>. Evaluation of the results from the QC samples is performed by!he laboratory and through 
data validation for the MS/MSD samples. Results of the other QC samples are compared to 
analytical results from the sampling event to determine if any field procedures, or sample 

transportation and-handling may have adversely affected the concentrations found in the 

environmental samples. 

8.0 QUALITY ASSURANCE RECORDS 

Equipment blanks will be collected from water source for steam-cleaning equipment as quality 
assurance records. The frequency of collection of equipment blank.< from either drilling tools or field 

sampling equipment shall be specified in the SAP and QAPP for a given projoct. Documentation in 
the drillers' logbook shall se!"Ve a:; a QA record of decontamination. The drillers will oversee 
decontamination procedures to ensure that they have bo:en completed according to !he procedures 

oullined above. 

9.0 HEALTHANDSAFETY 

All ~ite-specific safety procedures should be followed when collecting silmp!es. Chemical 
preservatives should be noted on Daily Job Safety Analysis sheets as well. 

Sampling personnel should be aware of chemical prese!"VlltiYes that are present in sample containers 

for aqueous analyses. 

10.0 REFERENCES 

USEP A, 1986. Engineering Support Branch Standard Operating Procedures and Quality Assumnce 

Manual, USEPARegion N, Aprill,l986. 

Hazardous W asre Remedial Actions Prog:r•m, 1990. Requirement> for OualityComrol of Analytical 

Data. DOEHWP-65Rl. US Departmem of Energy, Oak Ridge, Tennessee. 

7.S Matrix Spike!l\-latrix Spike Duplicates -Aqueous and Solids 
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MSIMSDo are envimnmentol samples that ore spiked in the laboratory or in the field with a known 

concentration of a target analyte(s) to verify percent recoveries. MS/MSD samples are primarily used 
to check sample matrix interferences. They can al.<o be used to monitor laborntory performance. 
However. a data set of at leru;t three or more reSI!Its is necesoary to statistically distinguish between 

laboratory performance and matrix interference. The mininmm frequency ofMSflo..ISDs should be 5 
perc"nt of the total number of samples being analyzed for th~ target chemicals. MS/MSD santples 

are also med to evaluate error due to labor.uory bias and precision. One MS/MSD pair per target 
analyte should be analyzed and the average percem recovery should be calculated to assess bias. 

MS-/MsD samples are collected in the same manner a.< for a duplicate ~ample, except that additional 
volume is required for analysis. The frequency of collection is one MS/MSD pair (or two additional 

sample .-olumes) for each 10 enviromn"'>.tal samples collected ofsimi!ar matrix or per each project 
site's SAP and QAPP (e.g. groundwater, :rorface water. soil). 

7.6 Perfnrmaucc Evaluation Samples 

Performance·enluation (PE) .<;amples evaluate the overall bias of the analytical laboratory and detect 
any error in !he analytical method used. These samples are USI!ally prepared by a third party (e.g., 

Environmental Resouroes.lnc., Anrru:la, Colorado), which is known to thepreparer but unknown to 
the contract laboratory. The chemical used to prepare the PE sample is the same as the chetni~als of 
concern. Laboratory procedural error is eval~ated by the peroenlllge of chemical identified (percent 

recoYery) in the PE sample. When analyze~. the mininmm frequency of PE samples is one J>"r 
chemical of interest. The use ofPE samples wii! be determined on a case-by-case basis. 

7.7 Backgronnd Samples 

Background samples are collected from area(s). either onsire or off:site where there is little or no 
chance of contamination. Backgtound samples are collected in an attempt to determine the natural 

composition oft he soil (especially important in areas wlth high concentrations ofnnrnrally occurring 
metals) and are considered "clean" samples. They provide a basis for comparison of contaminant 
concentration levels with samples collected onsite. At least one background soil sample should be 
collected. More are wammted when site specific factors such as llatural variability of local soil. 
multiple onslte contaminant source areas, or off-site facilities potentially contributing to soil 
contamination e~ist. Background samples may be collected in order to enluate pmential error 

associated with sampling design. sampling methodology, and analytical procedures. Background 
samples may be used to determine bias and precision if at least eight replicates are spiked with the 
chemical of interest at a concentration equ.:t to the action level. and then analyzed. 
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TABLEt· &tmple Container, Stnrage, and PrcscnratiOll Guidelines 

A""lyliCl>l Motti>:'" C<mloinoc p.,.,rvallon Holding Time ~• 

Paramotoc 
voc, 

Aqueous 
340mLgla,vial•with Cool,§"C 14 <loy,; will\ pHs.! 

(S200B) Teiloo®-Hnod ><ptmn o•l"' 1:1 UO topH<2• 
Labproscrvc~ 3EnCore""' Soii/Sodiii!Cllt!Waste- 14days. 
"""'pleo;a!orTe<rnoore .,, Cold pn:,.,rlation: 5 gr>m.< 

S)Tiogc wi<h 3. 40-mL P'"" <>f sample to b• frozen inS MoxlmumholdinJ: 
Snlid'" weighed glaS< ja"' wilh Teflon®- rnLMwaterwithio48 tiffi<'for 

lined sopnan ond .;tlr ""'"' or H- houn; of oolleclion pres<rvationof 
oz glass jar with Toflno ®-li!!<d Eocore S.mplor is 
septum"' 48 hours 

svoc:, 2-llitor amber w·~· with Cool. <6"C B.uaction. 7 day>: 
(8:?70Cl'" 

AgU<ous Toflon®·linodlldforcoch i\.Jloly•is. wilhio 
poromotor. 40 d•Y" of Ute start 

ofextrooUon 

1-16oz. wld•rnon<hglo."i>Wilh Cool <6"C B.!rnction_l4 
Teflon®-linedlidforoll dny,;; Ana\y;i;. 

Solid p•rante,.,o;or4oz.gla"wide within40doy;of 
mouth with Toflon®-lin«< M for lhestar1 of 

one P""""'"'' oxuaotion 

PAJisbyGCaod 2-lliteramborgla"i>with Cool <6'C .Extrnotioo;7dny;, 
HPLC{83JO)"' 

Aguoous T•floo®·line<llidforcoclJ Anolysj.~ 40 days 
pMamctor. ofll\c •tmoftho 

"'!motion 
J-16oz.widcmouthgla""wjtb Cooi.9'>'C B.trnction.l4 
Teflon®-Hned lid for all day;; Analysis. 40 

Solid P"'"'"''""' or4 o~. gla~< wide days oflhntonof 
mouth with Toflon®-linod lid for tlle.xtractlon 
one parameter 

""~ 2-ltitermnbergla"' with Cool. <6'C Extnlction: 7 day.~ 
phosphorus AqucmL; Tellon®·linodlidfuroooh Aoaly•i•.40days 
Peiitidde< pa,.,mctor. ofll\c;~ortoflhc 

{8141Al"" extraction 

l-!6oz. widomotrlhgl•-""'iUt ('.ool.<fi"C Extraction.l4 
Teflon®·lined lid fur all day;: A""ly•i<. 40 

Solid p~~r>mot=nr4 ~>. tla<O wido days oflhe>tartof 
motrlh with Teflon®-lincd lid for thee>troction 
onepa,eter 

llc~hicjd" 2·llitoramhl>r~to." wilh Cool. <6"C Extractlon;7doys. 
(8t51Al'" 

AqueoU> ToOon®-llncd lid for oach Analy,;h. 40 d:!J.I 

P""""""'· oftho•mnofUte 
extra01ion 



Analytical 
Para,..loc 

Organo-ehlmino 
Posticide, 
(808!AJ"' 

PCB•{80111)'" 

Dio:Uns/f\lo.>n• 
(LRMS) {8280A) 
{,;creening 
mothO<l) 

Metal' 
(@lOB, 7000A 
mie.') 
Mercwy 
(CVAA) 
(7470!1-
Aqueou.<) 

{747lA . ..,lid/ 
W>.<Oc) 

Solid 

Aqueous 

Solid 

Aqotoous 

Solid 

Aqu<o"-< 

Solid 

Contoinor 
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Holcl!ngTin1c~' 

H6 "'· wido mnutlo glil.'i> witlo Cool, <6'C htrno~on,l4 

day.<; An~)!ti.<, 40 
day.> of tho ""rt of 
thooxtrnction 

Toflott®-1\ori!l\dfocoll 
par.m~<to"' or4 oz. ~1"-~' wide 
mouth with ToilonGH\nod lld for 
oocpor:uoe"'' 

2-1 nter amber ~]a_" wioh 
Tenon®-lin«<lid 

4 oz. glo" wide mouth with 
Tenon®-lin«<lid 

2-l htoramhor g)'"" with 
Tcflon®-{mcdlid 

4 o:z_ glo" wide moulh with 
Teflon<&--1\nod fod 

2·llitoramber g!a« with 
Toflon®-lined liit 

4 oz. gl'"'' wide moulh wi!lo 
Toflon®·lincd lid 

llit<rglas.lor]l<llyethyleno 
cont:lin<z 

4 oz. gla." wide mouth with 
Tenon®·lin«llid 

Cooi.9>"C 

Cooi,9>"C 

Cool,9>"C 

Extrnction;7doy.~ 

Analy•i,, 40 doy• 
ofthe.<t:trtofthe 

Extraction. 14 
day.<; An.>IY•i•.40 
day• ofthest"'tof 

thee""""'"" 
httaction;7day.~ 
Ao.oly•i"<,4fldays 
nflhcstarloftho 
oxtracrio11 

E•ttoction,14 
days; Analy.<i<. 40 
days nfoJ>,,.rtof 
theextraclion 

Cool,<6"C:5ooreindark; Ex=o::twilhin 30 
If sample pH ~9. adju'l \<o days; Ano!y:zo 
pt!Hiwitltli,SO, within 45daJ> of 

Cool.9>"C 

Exuaco within 30 
<loy.; ADolyzo 
w\thln 45da)'!l of 

6month•{motol•); 
2~da)"i(mercuzy) 

6month•(motah) 
23dny,(mcrc"'y) 
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Anslyti""l Matrix'" Container pre;or;otioo tl<>ldingTim•UJ 
l'oram<tor 

lnorgankAojo"' 
byloo 
Chromatowoplly 
{301'-0) 

Nitt:uo-Niuile 

(353.2) 

Aqueou.< 

Cool 9>"C 48 hours -Nitrnto, 
nittile, 
ortltoph"''Ph>to; 
28days-Otloride, 
fluorido,rulfato 

Solid Nil NA NA 

Aqu<alli I Utotpln.,iooontaim:.r H1SO, tnpii<J 28 do}~ 

Solid NA NA NA 

PcrcontMoisture AquoolL< NA NA NA 

(D2216·90J 1-'",.=.,=, '-j-,,c.,c.,c.-------l"~c.c,,c~•~~---b,c,o,"c. ----1 

'" (91)4(1B-
Aqueou<) 
(9040C­
_<Oiidlwa<te) 

Tol:ll 
Recoverable 
Phenolic., 

(9065) 

P~mphorus 
(Total) 

(365.2/365.3) 

Sulfiu:(SO,) 

(37i.lJ 

TDS(Filterohle) 
(160.!) 

'" (35]_]) 

1 Litcrphsticcontainer 

Aquoous 

Solid 

Aquoou.< 
lliter.,to,reoommonded 

Solid 

Aqueou• !Litcrpl•<liccontaiTicr 

Sotid 

Sojjd 

150mlpla"l" 

Aqueous 

Solid NA 

Solid NA 

IUtorplasticoontainor 

Solid NA 

NA Thi.<to>tcouldbo 
p<rlorrru:dintltc 
field;Aoa!yzo 
intlt)Odiately 

Cool ,;:6"C ADa!yzo" "'"""-' 
po.,ihle. 

Cool, ,;:6"C;H1SO, to pH< 28 da)" 

' NA NA 

H,so, to pll < 2 28 day" 

NA NA 

Coo1 :5_6"C 7 day.• 
Ad<l4 dr<>ps of 2N <inc 
"<t:llepe.rlnOmLof 
<amplc,•djo.~ttltepHio>!l 
with 6N NaOH ""lution 

<6"C Aoalyzea<<Oooa< 
pn«ililo 

Nop"'''"'"'ive=!uircd Anolyze 
hnmediotoJy_ Thi' 
tcs\.<hol'l<lbc 
porfo""edinlbc 
fidd 

Cool,S6"C; fi,SO, lo pH< 28 d:lJ!l 

' 

Aolllly!!<l>l 
Par.un<lec 

Cy:mido 
(90l:!A) 
Ameru>hlo/Tot:ll 

Pet!'}]eum 

flydro=OOn.' 
HEM/SGT 
(1664) 

Acidity(305.l)l 
AJk.JjoioyOJO,l 
12320B) 

Ammonia 

(350.3) 

Mulrh"' 

Solid 

Aqueous 

Solid 

Aqueous 

S~lid 

Aqueous 

Container 

Solid aliguot will be takon front 
rruolal<cool.linor 

llioer!llm 

4 ol. !li"' wido mou\lt wilh 
Tcllon®-linod lid 

~50 roL plos\ic or gl~" 

ILioorplosticoono:Ilru" 
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Holding Timo "' 

NaOH to pH >1"; If 
re<ldLJ>]chlnrincprc"'nt, 
O.~g """'roio add; Cool. 
9>oC 

NotSpeeilied I No! SpO<ificd/ 

Cool,"<'i"C J4day, 

Cooi,<6•C: UCiodl,SO, 2~days 

topH<2 

Cool. <6"C 18 da)"l 

Cool. <6"C 14 da}~ 
NA NA 

Cool. <II'C 28 da)l5 
H1SO,oopH<2 

NA NA 

''" {Dl55J.&3) 

.. A-lh, PorrcntMoi.1<uro, TS, Cool, <O•c 7day.< 

{405.]) 

(410.4) 

Cbromium 

cu~ 
{7l'-"SA) 

Cond"':t\vioy 

(9050A) 

Dis<t<~lvcl 

O")'g<o(360.1) 

A .. !)'li'-"1 
Poranreler 

Aguoou. 
TSS, Turbidity, VSS, >nd 
Volatile S<!lids will bo combined 
io!Utor la.>liccolllllinet 

Solid 

Aq-u• lLltorpJ.,ticcontoin" 

Solid 

Solid 

Aqueou.' 

Solid 

Solid 

Aqueou• 

I Lit<z pl~~ticoonlainer 

:lSOtnLpla"iocooto.im:r 

2o,gl:I:is 

lUtorpla:;ticC<On!:liner 

" 300 mL gin" ""Pf"'!od BOD 
bottle 

Solid NA 

Contniner 

Cool, <6"C 

Cno!,<6•c 

H,so, oo pH< 2 

" 

P.-escr.-alioo 

28days 

24 bou" 

30 days IO 
di~'-<tion. 

96lmur.;aftor 

F1<0ld Anal)"iis 
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Holdlng Time 

Aguoow; 2 40rnLVQA,·ials CooJ,"-<)•C,H1SO,orHCl 28<lays 

~:~~~;:~~ f-C,.-,-,--Io,c.,c,cc"c, -----t~c,'f~~". ~o::~,-----l~,c,.c,c,,----1 
Solid.•) 

'"' {9020B) 
Aquoous 250 roL gla,;s, Teflon®-llitod lid, 

ooho:td.<pace 
Cool, ,;:~oc. H,so. to pH< 28 daY" 

' &>lid 

Total Solids 

(1~03) Aqueou' 
TSS and VSS 
(160.2) 

Turbidity 

(180.1) 

Volntile 
Solids 
(160.4) 

Soli<l 

Aqueous 

Solid 

Aqueous 

Solid 

N< 

!Litorplosticcootoioor 

lLl1crpla"iccootainor 

" 

Cooi.:5.6"C 

N< 

Cool,:'i_6°C 

N< 

Cool.s\°C 

" 
'"Soli~ motti< type inclillh roil. <edimeot, <ludQe or olhor snlid.1 not classlli«l "-' w:l.<te. 
"'Holding limos are calculated from !he dare of oolkction. 

NA 

?<lay• 

"' 

m Do,.blc volume will be coUeotod for MS/MSO .-mmplco or field duplicates e:xcept for Appendix lX VOC:.< IJ 
Em:ore "' samplers or4[J_m[, viol.> u:;ed wilh Tmacnre .,, <yringe will be collemd for MS/MSD on:d:.=<). 

'" 1-2 oz. Plo."io for% •olid< (R"'lui,q if no olh<rsoil jm "''being submitted) 
'" 1, .J.<Junco ~loss jaz with Te~<>n®-lined <<ptum will bo ured for <olid "'mplos nol coHcctThlo by 

EnCore"' '"npling 

"'GenoOJlly. par."'"'"" "ill be combinod with olher like P"''""""' <lc]"'oding l<pon loborntory 
IOqniz=<nl'-

*Snmc AppClldix IX VOCs are lost with tho u.<O of ..,;d prc:tor>ollon. The ""bility of re<ull< from anaiJ!l'-' «>nilttctcd 
on samplo' u<ing acid P"'-~<rva(loo .,;n bo dcsoo\bod \l\ the data vafodatlon '"P""-'· 

NA- Not Applicable 
Hfl,L'SGT- Hcxaoo Extractable Mcth.td/Siliwo Gel Treatment 
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fur a given set of analyses. Organic-free water obtained by other methods is acceptable, os long 
as it meets the above analytical criteria. 

Oualitv Assurance ProJect Plan • (QAPP) A QAPP is a written document that outlines the 
procedures a monitoring project will use to ensure tha! samples, data, and sullsequeot TL>ports 
are of high enough quality to meet project objectives. It provides a description of the policie", 
organization, practical activities, and quality control procedures necessary fur acllieving the 
study's olljectives. QnaHty control procednres ore goals, plans, and guidelines that are sp-elled 
out to insme a high level of qu~lity in the collection and analysis of the data and the handling of 
s~mples. 

Samplin~ and Analysi.l Plan - - (SAP). A SAP typically consists of two components: a Fidd 
Sampling Plan (FSP) and a Quality Asrurance Project Plan (QAPP). The SAP describes how 
the study is done, including sampling techniques and data analysis procedures; dma 
interpretation ttthniques, including statistical analyses; quality assurance procedUTL"S ond 
quality control techniques. 

~:A standard brand of phosphate-free bhorntorydetergem, such"" Luminox® 

Tap water: Water from any potahle water supply. De-ionized water or organic-free water may 
be substituted far tap water. 

4.11 RESPONSIBILITIES 

Project Manager- It is the responsibility of the Project Marmger to ensure that project-specific 
plans are in accordance with these pro.,dures. Documentation should lle developed for ru-eas 
wllere project plans deviate from these procedures. 

Field Team Leader - It is the responsibility of the field Team Leader to ensure that these 
procedures are impkme~ted i~ the field. The Field Team Leader is responsible for ensuring the 
field personnel overseeing decontamination activities, nnd personnel conducting the activities 
have lleen briefed and trained to execute these procedures. 

Drillin•' Inspector (Site Geologist, Rig Geologist etc.) - It is ~1e responsibility of the drilling 
inspector to ensure that the drilling subcontroctor follows these, or other project-specific 
procedures as directed by the Field Team Leader. 

Samplin~ Personnel " It is the responsibility of field sampling personnel to follow these 
procc'tlures, or to follow documented, projecBpecific procedures as directed by the Fidd Team 
leader. 

5.0 l'OTENTIAL PROBLEMS AND INTERERENCES 

The use of distilletl!deionized water commonly available from comme'rcial vendors may be 
acceptable for decontamination of sampling equipmem provided tbat it ha< been verified by 
laboratory analy,;is to lle anal}ie-free water. DistiUed water available from local grocery stores 
and pllam,.cies is generally not acceptable for final dc>mntam;nalion rinses. Contominant-free 
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NOTE: SITE-SPECIF1C CONDITIONS MAY WARRANT CHANGES IN 
PROCEDURES AND APPLICATIONS. F1ELD STAFF SHALL DOCUMENT ACTUAL 
PROCEDURES IN THE APPROPRIATE FIELD LOGBOOK. 

1.0 PURPOSE 

The purpose of this SOP i" to provide a genernl reference regarding the proper decontamination 
of dri!!ing rigs, and field chemkal sampling nnd analytical equipment ln addition, 
decontamination reduce~ health hazards and prevents tile spread of contaminants off-site. 

2.0 SCOPE 

1ltis procedure addresses drilling equipment. test pit equipment (i.e. backhoe) and monitoring 
well material decontaminmion and shonld be consulted during the prepa.-ation of projttt" 
specific plans. This procedme applies to all field sampling equipment including, but not limited 
to, soi!.<amplen; {split-spoons), bailers, beakers, trowels, filtering npparatus, and pumps. This 
procedure should be consulted when decontamination procedures are being developed as part of 
project-specific plans. Additionally, current USEPA regi.onal procedures and decontamination 
guidance as well as state guidance should be reviewed. This procedure does not penain to 
personnel decontamination (e.g., face masks). 

3.0 DEFINITIONS 

pecgolamination • Decontamination is the process of remo>ing or neutralizing contaminants 
which may have accumulmed on field equipment. 'This process ensures protection of persoMel 
from penetrating snbstances, reduces or eliminates ll:ansfer of contaminants to clean areas, 
prevents mixing of incompatible substances, and minimizes the likelihood of sample cross­
contamination. 

pe-jgpized water. Tap water that has been treated by p.ssing through a standard deionizing 
<"Sin column- At a minimum, the finished water should contain no detectable heavy metals or 
other inorganic compounds (i.e., at or above analytical detection limi~<). Organic-free water 
maylle substituted for de-ionized water. 

Drilling Equipment- All power equipment used to collect surface and sub-surface soil samples 
or install wells. Rotary drilling, sonic drilling, and direct push a<" included in this definition. 

Organic-free w~ter • Tap water that h., lleen treated with activated carbon and de-ioni;.ing 
nnits. At a minimum, the finishc>d water ronst meet the analytical criteria of de-ionized water 
and it should contain no detectable pesticides, herbicides, or extractable organic compoundo. 
and no volatile organic compounds ahove minimum detectable ]evel\lly the contr.lct bborotory 
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deionized water is available from commercial vendors or lab<Jrntories and may be shipped 
directly to the sire. 

6,0 EQillPMEI'<'T AND SUPPLIES 

The following are standard materials 011d egnipment rued a< a part of the decontamin~tion 
process: 

Larg<'lhe~vyEquipment (i.e., Drill rigs, backhoes, angers, drill pipe. bits, casing, and 
screen) 
High-pressure pump with steam--$pray unit 
Stiff-bristle brushes 

Sma\1/:;ampling Equipment (i.e., Split spoons, spatulas, bailers, bowls, and pumps) 
Soap 
P~lyethylene sheeting 
Stiff-bristle brru;hes 
Wasil bottles or manual pump sprayer 
Solvents, e.g., 10% methanol •olution (optional) 
Distilled/deionized water, contaminant-free 
Tap water {generally but non-potable may also be used) 
Appropriate protective clothing 
Air purifYing respirator (APR) 
Field log book 
Non-phosphate detergent 
Selected high purity, contaminant-free solvents 
Long-handled brushes 
Trash containers 
Paper towels 
Galvanized tubs or equivalent (e.g., bally pools) 
Metal!plastk container for storag" and disposal of contaminated wash solntions 
Pressurized sprayers 
Tra.<hbag.< 
Aluminum foil 
Sample containers 

7.0 PROCEDURES 

The varinu:; drilling eguipment nod materials involved wi~l test boring. test pit excavation, 
subsurface soil sampling, and monitoring well constnJction must be properly decontaminated to 
ensure that chemical analysis results reflect actual concentrations present m sampling location.< 
These pro.,.,dureo will minirriize the potential for cross contamination between sampling 
location' and tbe transfer of contamination off .<ite. Such equipment includes drilling rigs, 
backhoes, augers, downhole tools, well casings, and S"feens. Split-spoon soil samplers and 
other similar soil sampling devices shall be decontaminated_ Cleaning procedureo are listed in 
the following sections. 



7.1 Dccontaminatiun Area/Pad· Large Equipment Cleaning 
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Decontamination pads ~onsrrucred for field clenning of sampling and drilling equipment should 
meet the following minimum specifications· 

The pad should be constructed in an area known or believed to be free of surface 
contamination. 

The pad should nor leak. 

If possible, the pad should be constructed on a level, paved surface and should focilitate 
the removal of wastewater. This may be m:complished by either constructing the pad 
with one comer lower th:m the rest, or by crearing a rump or pit in one comer or along 
one side. Any sump or pit should also be lined. 

Sawhorses or rncks constructed to hold equipment while being cleaned should be high 
enough above ground to prevent equipment from being spbshed. 

Water should be removed from the decontamination pad frequently_ 

A tempornry pad should be lined with a water impermeable mterial with no seams 
within the pad_ This material should be eithere~sily replaced (disposable) or repairable. 

The drilling contractor will construct a decontamination area at a designated area onsite. 
Decontamination of drilling e<JUipment will be performed over the decontamination pad. A 
shallow, above-surface tank may be used or a pumping system with discharge to a waste tank 
may be installed In some cases, steam-cleaning/pressure washing water will be allowed to soak 
back into the ground. 

Prior to entering or leaving the site, large "'JUipment nat directly utilized fur sampling will be 
decontaminated by steam-cleaning in a designated area_ The decontamination procedure 
consim of steam-cleaning the equipment, using potable water as the steam source, to remove 
visible signs of soils or wastes, and allowing the equipment to air dry. If necessary, the 
equipment may be cleaned with a scrub brush and soapy-water solution prior to .<team cleaning 
to remove visible signs of contamination. Verify that the drilling contmctor spr.i)'S areas (rear of 
rig or backhoe) exposed to contaminated soils using steam or high-pressure sprayer. 

Drill rigs and tools will be cleaned between each location and prior to the initiation of any 
sampling. Document that deronmminotion was performed in the appropriate logbook. 

At certain sites, dne to the type of contaminants or proximity to residenc"-<, concerns may exist 
about air emissions from steam cleaning operations. These concerns can be alleviated by 
utilizing one or more of the following practices: 

Locate the steam cleaning area on site to minimize potential impacts. Enclose steam­
cleaning openotions. For example, angers and drilling rods can be sterun cleaned in 
drums. 

Ta~poulins also can be placed around the steam cleaning orea to control emisBions-

7.3 Small Field Equipment Decontamination Procedures 
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In order to ensure that chemical analysis results reflect actual concentrations pn:oent at 
sampling locations, sampling equipment must be properly decontaminated prior to the field 
effort during tbe sampling program (i.e., between sampling locations} and at the conclusion of 
the sampling program. This will minimize t\1e potential for cross-contamination between 
sampling locations and the transfer of contamination off site- Preferably, sampling equipment 
should be dedicated to a given sampling location. If this is not possible, equipment must be 
decontaminated between sampling locations. Sampling personnel mnst nse disposable gloves 
and change them between sampling intervals. 

Soil and sediment sampling equipment including, but not limited to trowels. beakers dredges 
etc., shall be d""ontaminated nsiog !he following procedures: 

Clean with tap water and laboratory detergent (non~phosphorus) using a brush if 
necessary to remove paniCIIIate mmter and surface films. For-badly contaminated 
equipment, a hot water detc.genl wash may be needed prior to the rinse procedure. 
Wa~h the item thoroughly in a bucket of soapy water (tap water}. Use a stiff-bristle 
brush to dislodge ~ny clinging dirt. Disassemble :my items that might trap contaminants 
internally before washing. Do not reassemble until decontamination is complete. 

Rinse thoroughly with tap wmer. 

Rinse with 10 P"rcent nitric acid if samples fur metal onolyses will be collected. 

Rinse thoroughly with distilled-deionized water. 

Rinse with 10 percent methanol (pesticide-grade) if samples for organic analyses will he 
collected. 

Rinse thoroughly with distilled-deionized water. 

Air dry or wrap with aluminum foil, if appropriate, to prevent contamination if 
equipment is going to be stored or transported_ After decontamination, equipment 
should be handled only by personnel wearing clean gloves to prevent re--contamination. 
ln addition, the equipment should be moved away (preferably upwind) from the 
decontamination area to prevent re-contamination. The area where the equipment is kept 
prior to ro-use must be free of contaminants. 

Collect all rinse waters in a dedicated recepticle ~nd dispose according to site disposal 

procedures. 

The following steps will be followed when decontaminatingPl!IDE§_: 

Pumps should be set-up in the same configur~ti<>n as forsampllt>F equipment. 

Flush the pump with potable water. Submerge pump intake (or pump if submersible) 
and all downhole wetted parts (tubing, piping, foot valve) in soapy water. 

Pomp a minimum of three pump assembly volumes of soapy water through the entire 
assembly. Note: 1f dedicated tubing is used for monitoring wells, the tubing will not 
need to be decontaminated. 
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Any ponion of the drill rig, backhoe, etc., that is over the borehole (kelly bar or most, 
backhoe bucket£, drilling platfol1ll, hoist or chain pulldown.s, spindles, cathead, etc.) 
should be steam cleaned (soap and high pressur" hot water) between boreholes. 

Equipment associMed with the drilling and sampling activities should be inspected to 
insure that all oils, greases, hydraulic fluids, etc., have been removed, and all seals and 
g"skers are intact with no fluid leaks. 

Decontamination wastes will be collected and contained unless otherwise directed by onsite 
procedures. The eventual dispasirian of these wostes will be determined on a project-specific 
basis, but may include on -site treatment and/or transpon off site to an approved 
treatment/disposal facility. 

7.2 Genen~l Cleaning Proccduros 

One type of cleaning is, ~abrnsive cleaning." This method warlrs by rubbing •nd weruing away 
the top layer of !he suct'ace containing the contaminant. The following reviews the available 

abrasive methods. 

Mechani~al • Mechanic-al methOOs include I!Sing brushes with metal, nylon, or naturnl 
bristles. The amount and type of contaminants removed will vary with the hanlness of 
bristles, length of time brushing, and degree of brush contact. Material may olso be 
removed by using appropriate tools to scrnpe, pry, or otherwi,<;e remove adhered 
materials. 

Air Blasting • Air blasting equipment Uii<'S compressed air to force abmsive material 
through a nozzle at high velocities. The distonce between nonle and surface cleaned, air 
pressure, and time of air blasting dictate cleaning efficiency. The method's 
disadvantages are its inability to control the exact amount of material removed and its 
large amount of waste generated. 

Wet Blastin~ -Wet blast cleaning involves the use of a suspended fine abrnsive. The 
abrJsive/water mi~IUre is delivered by compressed air to the contaminated area_ 

Improperly ]landled cleaning solutions may easily b""ome contaminated. Storoge and 
application containers must be conslr\lcted of the proper materials to ensure their integrity. The 
following are acceptable materials used for contoining the specified cleaning solutions: 

Soap must be kept in dean plastic, metal, or glass containers until used. lt should be 
poured directly from the container during use or a squeeze battle may dispense it. 

Tap water may be kept in tanks, hand pressure sprayers, squeez~ bonles, or applied 
directly from a hose. 

De-ionized water must be stored in clean, glass or plastic containers !hat can be closed 
prior to use. It can be applied from plastic squeeze bottles. 

Ofll"nic-free water should be stored in clean glass or Teflon® containers prior to use. It 
maybe applied using Teflon® sque"7.e bOI-tles or beakers. 

Replace soapy water with potable woter. 
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All downhole wetted parts must be immersed in the potable water rin.<e Pump a 
minimum of three pump assembly volumes of clean water through the entire assembly. 

Document that decontamination was performed in the groundwater sampling log book_ 

Additional equipment cleaning and hoi!Sekeeping procedures are as follows· 

Field analytical equipment which may come in direct contact with the oample or somple 
media, including, but not limited to water level meters, water/product level meters, pH 
or specific ion probes, specific conductivity probes, thermometers, and/or borehole 
geophysical probes must be decontaminated before and after use unless manufacturers 
instruction~ indical<l otherwise. 

Probes that contact water samples not used for laboratory analyses may be rinsed with 
distilled water. 

Probes which make no direct contact (e.g. HNu or OVA probes) will be wiped clean 
with dean paper towels or an alcohol-saturated cloth. 

Document that decontamination was performed in the appropriate logbook. 

Disposable items will be bagged for disposal as general refuse. 

8.1) QUAUTY ASSURANCE RECORDS 

Equipment blanks will be collected from water source for steam-cleaning equipment as quality 
as.snmnce record<_ The freqn!Ollcyof coll.ction of equipment blanks from eill:!er drilling tools or 
field sampling equipment shall be specified io tbe SAP and QAPP for a given project. 
Documentation in the drillers' logbook sball serve as a QA record of decontamination. The 
drillers will oversee decontamination procedures to ensure that they have been completed 

according to tbe procedures outlined above. 

9.0 HEALTH AND SAFETY RECORDS 

Decontamination c"n pose hazard< nnd..- certain circumstances even though performed to 
protect health and safety. Hazardous substances may be incompatible with decontamination 
methods (i.e-, the method may react with contaminants to produce heat, explosion, or toxic 
products). Decontaminatio~ methods may be incompatible with clothing or equipment (e.g_, 
some solvents can permeote and/or degrade protective clothing). Also, a directhenlth hazard to 
workers can be posed from chemical d""ontamination solutions that may be hazardous if 
inhaled or may be flammabl~. 

' The decontamination solutipns must be determined to be compatible before use_ Any method 
that permeates, degrades, or damages personal protective equipment should not be used. If 
decontaminarion method> do pose a direct health hazard, measures should be tal<en to protect 
personnel or modified to eliminote the hazard. 
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All site-specific safety procedures should be followed for d1e cleaning operation. At a 
minimum. the following precautions should be token: 

Safety glasses with splosh shield' or goggles, neoprene gloves, and laboratory apron 
should be wom. 

AU solvent rinsing operation.< should be conducted under a fume hood orin open air. 

No ca!ing. 'moking. drinking, chewing, or any hand-to-mouth contact is permitted. 

10.0 REFERENCES 

NJDEP, 1988. Field Sampling Procedures Manual, New Jersey Depurtment of Environmental 
Prme<tion. 1988 

OSHA, 1985. Occupational Safety and Heal!h Guidance Manual for Hazardous Waste Site 
Activities, NIOSH/OSHNUSCG!EPA, Cktober 1985. . 

USEPA, !986. Engineering Support Branch Standard Operating Procedures and Quality 
Assurance Manual, USEPA Region IV, April l, 1986. 

US EPA, 1987. A Compendium of Superfund Field Opt>rations Methods, EPA 540/p-87/001. 
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be disposed as non-hazardous special waste or as hazardous, based on its generation (See Section 
3.4). If the wastes are liquids, compatible with the treatment equipment and discharge 
llpproval/NPDES permit modification received from IDEM, they will be transferred to USS process 
sewer. Othmvise, all liquids will be shipped off-sire to a TSD fudlity 

The haz!II"dous and non-h:11.ardous waste identification and management procedures for PPE, solid 
and liquid waste are provided in Section 3.0 and Section4.0. Section 5.0 provide£ information on 
potential disposal options for IDW and an additional waste characterization sampling that may have 
to be performed in order to satisfy offsite disposal facili!yrequirements for both solid and liquid 
waste. 

3.0 MANAGEMENT OF SOLIDS AND PPE GENERATED DURING INVESTIGATION 

3.1 Material Generated Within an AOC and/or a CAMU 

Any solids generoted during an investigation within a de£ignatedAOC andforCAMU may be left in­
place regardless of its identification as hazardous or non-hazardous waste materials. See Figltrlls 1, 2 
and3. 

3.2 Material Generated Outside of an AOC and/or CAMU 

Any solid woste generated outside of AOC and/or CAMU shall he identified by USS personnel and 
shall be managed according to the procedures outlined in this section and all the applicable 
requirements of 40 CFR, Pa11s 261 through 268. Pun;uant to 40 CFR, Section 261.2,the generator of 
any solid wa~tc must determin~ whether the woste is hazardous or non-hazardous using one of the 
following two methods outlined in this section. 

3.2.1 Historical Information and Listed Wastes 

Historical information associated with each investigation location should be assessed before 
~ampling, ideally during the preparntion of the work plans. Based on tills information, investigation 
locations judged to generate solids due to the presence of listed wastes would he identified as 
hazardous waste_ Listed hn;.ardons wastes include non-sp<'cific sources {i.e., F wastes), specific 
sources (i.e., K-wastes), and/or discarded commercial chemical products (i.e., P and U wastes). Spill 
residues ofF, K, P, or U wastes, including contaminated soil, water and od>er debri> resulting: from 
the cleanup of the spill are classified as h01'.ardous was•es if they are inten<ledfordispoSlll. All listed 
ha<:ardous wastes will be containerized and disposed at o TSD Facility to meet the requirements of 
40 CFR, Part 261 throngb 268. 

3.2.2 Characteristic Wastes 
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Investigation-derived wastes (IDW) will be generated during site investigation activities for the 
Corrective Action! Agreed Order at US Steel- Gary Works (USS). Tho puip<>Se of this document is 
to guide the characteriz~tion and containerization ofiDW as required by40 CFR, Subpart A, 262.11-
.. Hazardous waste determination" and this plan shall be incorporated in all the future remedial 
investigation work plans for this site. This regulation requiJ:<,s that a person who generntes a solid 
waste as defined in 40 CFR 261.2, must determine whether the waste is a hazardous wa.ste using one 
of three methods: l) by generator knowledge (i.e., reviewing historical information almnt the 
location where the waste was generated; 2) by determining whether the waste is a /!sled waste oris a 
wa.>te generated in association with a listed waste ( 40 CFR, 261, Subpart D), or 3) by analyzing: the 
waste using analytical methods to determine if the waste exhibits cilaracterislic.< of a hazardous 
waste (40 CFR. Subpart C, 261.20)-

2.0 INVESTIGATION-DERIVEDWASTES 

Solido, including Poroonal Protective Eqnipment {PPE), and liquids are expected to accumulate from 
the following activities during investigation and are considered IDW: 

SOLIDS· 

Soil cuttings from !be drilling of tmbsurface borings 
Soil cuttings from the installation of additional monitoring wells 
Solids recovered from drnms, if any, comaining liquid wastes after the liquids are removed 
and disposed 
Used Personal Protection Equipment (PPE) 

LIQUIDS: 

Groundwater from the development and/or purging of monitoring wells 
• Water from the decontamination of sampling equipment, tools, machinery, etc. 
• Wa!er from the de-watering of test pits or other low-lying areas 

Wastes classified as hazardous, or any PPE waste gene<llted from contact with listed ha<...-dous 
waste, will be shipped to u Treatment, Storage, and Disposal (TSD) Facility, or, if approval is 
obtained from USEPA, to an onsite Corrective Action Management Unit (CAMU). 

lfd>e material.< are solid and are classified as non-hazardous or generated from investigation within 
CAMU or Area of Contan1ination {AOC) (hazardous or non-hazardous), they will be left in-place. 
As such, PPE waste will be placed in an appropriate designated drumslcontoinersldumpsters and will 
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Where no information indicates a history of either the use of a hazardous waste or the presence of a 
listed hawrdous waste or historical infornmtion regarding the o,vaste is not available then the 
analytical reSillts from discrete samples collected at the i~vestigution arEa(s), "'ill be assessed to 
determine disposal options. In this case record shaH be kept of the source of the IDW solids placed 
in each drum/container from each source area. The analytical data produced to characterize solids 
reponed as a IOta/ measnre of the concentration of an analyte will be used for comparison_ This total 
concentration will be compared to the Regulatory Limit from the ToxicityCharncteristic Leaching 
Procedure (TCLP). If the total concentrotion is less than 20 times the Regulatoty limit for a solid 
(fable I), then the solids that are generated from the investiga!ion will be considered non­
hazardous'. 

3.3 Material Genernted From Investigation Plts and/or Trenches 

Excavation material from investigation test pi IS and/or trenches will be returned or put back into the 
excavation zone. If subsequent analysis conf!fllls ~'"presence of constiments of interest in the 
media above applicable risk screening levels, the requisite corrective measures will be addressed in 
the final remedy selected fur the area of concern. 

3.4 Personal Protective Equipment Waste 

Personal Protective Equipment (PPE) wit! be ili•l'osedeither as hazardous or non-hozardous waste in 
an appropriate de£ignated drnrnlcomainerldumpster based on its generation. PPE, which will be 
generated from coming into contact with listed hazardous was!e will be disposed in a separate 
drumlcontainer/dnmp.ster designated for ha?.ardous waste and shipped to a TSD Facility. However, 
PPE genera!ed during th~ investigation from non-hazardous or characteristic hazardous waste areas 
will be placed in a separate container and will be managed as non-hazardous special waste. Thu.<, 
USS will separnte hazardous and non-hazardous PPE for management during any site investigation 
work. 

4.0 MANAGEMENT OF HAZARDOUS OR NON-HAZARDOUS LIQUID WASTE 

It is expec!ed that during sampling activities a! USS, liquids will be g~nerated. The liquid is 
anticipated to fall into 11tree (3) categories: 

l Since TCLP moasutes the roti<:OOtt:lt)M oflo>oh>No """"•no<> in o "'lid wa'>lo, the unit' of mo,urc for the 
Rcglllotory Limit."'" >hm•;n as rnWL To detormi"" if <he raral ronceplr.!tiQ~< in m~f(g in a -"""'Pk "'" Je<; tilno ~'" 
Rogulotory Limit<, a fuc!<lr of10 will he •ppliod \Q the ,.,mplc",, •naly!ioa\ result. This foetor (i.e .. 20) r<pl<'scnt< <he 
amonnt of .ample ( \00 g"'m>) !o 1iqtLi4 (1000 millilitm) u•cd in the TCLP oxlr.!ction procedure. tf <his >0\ue is le~• 
!Mn 20 lim" the RcgutO!ory Limits then the waste will P"-'-' U>e TCLP "''" The wa<IC can rilcre[<>rc. he di,pO<cd in a 
]andfi]t wirhout '"'armont or ">Oili>orirm. This i' Jmo,.n " the 2Q,Rule. 
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L Grnundwaters from the purging and development of monitoring wells 

2. Wastew•ters from the decontamination of equipment used in sampling 
3. Surl'ace waters or water-in-fill removed during de-watering activities 

The disposal optlons for liquids include disposal by discharge into the on--site process sewer upon an 
appropriate modification into the USS' NPDES perrnlt or shipment 10 an offsite TSD Facility. Any 

liquids that cannot be discharged into on~ite prooeso sewers shall be containerized and disposed 
properly as liquid wastes in accordance with procedures described in Section 4.2. fu such events, 
USS shall kceprecord(s) of lOW placed in each drum{contalner from eacb snurce area(s) (Figure4). 

4.1 Liquid Wastes - Discharges to the Site Process Sewer 

The following steps will be employed to determine the fem~ibility of disposing liquid wastes in an 
on-site sewer: 

1. Contact the respective group (both Operations and Environmenml Control) to obtain 
darificmion on dil;charge criteria. 

2. If required, and based on the discharge criteria, collect additional samples for analysis. 
3. Forward copies of historical data or analytical data for preview to determine the 

possibility for discharge. 
4. Modification into USS NPDES Permit 
5. Arrange disposal dates and times. 
6 Schedule pumping from holding tanks or drums to selected sewer system. 

4.2 Liquid Wastes -Below MCLs or Risk Based Levels 

lfbulk liquids genernted during pumping are belnw MCLs or .lite specific risk based action 
levels, then the liquids wiH be pumped back into the well. 

4.~ Liquid Wastes- TSD Facilities 

In the instances where liquid wastes associated with development and/or purging of specific wells, 
dewatering of test pits, and equipment decontamination are restricted from dl5posal in the on-site 

process sewer system (e.g., wastewaters containing trace level! of menoury). For these types of liquid 
wostes, the wastes may be disposed at an offsite TSD. All applic•ble procedures for the disposal of 
these liquid waste~ are found in Section 5.0. 

5.0 row DISPOSAL OPTIONS 

The dispo.sal options for the IDW at USS include the following: 1) disposal to a TSD for haznn!ou.s 
wastes; 2) disposal to the on-site process sewer system (liquid wastes only); 3) disposal forrestricted 
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For each drum/container, the analytical data associated with the samples collected for 

characterization of the site will be evaluated to determine if a !he row is a hazardous waste. To 
evaluate the data, a table will be produced that summarizes !he drum/container identification, 

as£odated sample identifications, and analytical results. The analytical data shown in the table will 
present the average concentratlon in mglkg in a series of several individual samples collected at the 

~ite2. 

To det~rmine if tile data identifies a bozardous waste, it will be compared to the Toxicity 
Characteristic Leaching Procedures {TCLP) regulatory limit (40 CFR 261.24), Table I. The process 

to be used is explained in Section 3.2.2 of this document. 

5.5.2 TSD Facility Requirements 

Gener•l!y, all TSDs require that the genera10rprovide a comprehensive summary of analytical data 

collected from the analysis of the waste, or a list of known cha,.,cteriotics of the waste developed 
from generatot knowledge. This information is typically summarized on a TSD's Waste Profile form 
and is a requirement of the Facility's RCRA Part B or interim status pennit. Profiles itemize the 

analytical information about a waste stream and provide the TSD with enough information to 
determine if the waste requires treatment or smbilization prior to disposal. The form must be 

completed priorto acceptance of a woste. lf insufficient analytical inf•mnation is provided, the TSD 
has the right to reject the waste and/or require that the generator obtain additional analytical 

information prior to acceptance. 

Table I shows the TCLP •n~lysis regulatory limits for various anal}'le.< (in mg.IL). Liquid waste that 
cannot be disposed into an onsite sewer system must be disposed at a pennitted wastewater treatment 
facility ora TSD facility. However, the TSD •till has the right to review analytical dsm and accept or 

reject the waste based on its permit condition.<. 
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wastes (generally liquids) to a TSD or al!enwte, de.1ignated facility; or 4) placement of non· 
hozan!ous solid waste 10 the original sample collection location: 5) placement of any media 

generated from a test pit.<; and/or trenches back into rhe excavation zone; or 6) placement of any 

media to the Corrective Action Management Unit (CAMU) (pending USEPA approval). The 
procedures for disposal at each of these facilitie.o are described io tbe following sections. 

5.1 Hazardpu~ Wastes to a TSD Fadlity 

All hazardous waste (solid ondlor liquid) will be containerized and managed properly at an 

appropri"te TSD Facility in acoords.nre with all requirements at40 CFR, Part 260 through 268 for 
disposal. 

5.2 Liquids Disposal to the OSS Process Sewer 

The processes to evaluate whether a liquid waste is acceptable for disp<:Jsol in the USS prooess sewer 
are described in Section 4.0. It should be noted that any .<olids that have se!tled in tbe drums 
coutaining liquids. should not be placed in site sewers. The solids should be consolidated {using a 

shovel) into one or more drums, and charn~terized usin$" procedures in Section 5.4. If the solids are 
identified as hazardous, the solids must be handled as h~zardow; waste and disposed at a TSD 

Facility. If solids are identified as non-hazmk>us then solids can be managed as non-hazardous 

speda! waste. 

5.3 Liquid Waste to TSD Facility 

Any liquid wastes that are restricted from being rerumed to the ground or disposal into on-site 
process sewer system shaH be containerized and send off-site to a TSD Facility. Priortosbipment, if 

requested by TSD Facility, an additional onalysis shaH be conducted on a waste as outlined in 
Section 5.5. 

5.4 Woste Placement on USS Property 

5.4.1 Disrosal ofNon-Hazanlous waste 

Solid wastes that llllve been classified as non-hazanlous may be placed on USS property in the 

general vicinity of the borings. 

5.4.2 Dispo.<al of Waste generated From Test pits and/or Trenches 

Any waste, hazardous or non-hazanlous, generated from an investigation re.st pits and/or trenches 

will be placed back into the excavation zone. 
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Where insufficient dam are available to adequately charncterize the waste (per 40 CFR, 262.11), or 

do not meet the minimum analytical requirement.<; for the intended disposal facility, additional 
samples will be collected. The analytical tests to be performed will be those tests dictated by 40 CFR 
262.11, or are !hose needed to satisfy the disposal company's permit requirements. Some methods 

that may be required to furtherch:u-acr.rize the wastes are as follows: 

TCLP (For memls, VOCs, SVOCs) 
PCBs 
Flashpoint (liquid wasre only) 
pH (Corrosivity)(liquid W"ilste only) 
Paint filter liquids test 

Reactive cyanide/Reactive sulfide 

5.5.3 Sample Collection -Solid Wastes 

Where required by the disposal facilities, additional samples will be collected from each 
drumfcontainer to perform necessary analytical tests. The solid samples will be collected using either 

a trieroran auger(SW-846, Chapter 9,Samplin<> Plans 198G).A trier consists ofa "tube cutin half 
lengthwise with a sharpened tip that allows the sampler to cut into sticky solids and loo.sen soil. A 

trier sample-s moist or sticky solids with a particle diameter of less tban one-halflhe diameter of the 
trier." Augers consist of "'sharpened spiral blades attached to a hard metal centml shaft." An aug~r 

sompl~s h•nl or p•cked snlid wastes or soils." Both sampling devices wiU he fabricated from 
stainless steel. 

The following specific sampling procedures will be employed 10 collect samples from the drums at 

USS: 

I. Use protective dnthing, gloves, etc. and observe required sampling safety precautions'. 
2. Position the drum so th"t container lid is up; (do not obtain solid s!III!ples with bungs); if a 

solid sample is taken from a drum with a bung, the disposal company must be notified 

3. Slowly loo.sen the cuntainer lid and allow any gas pressure to be released. 
4. Remove the lid and insen the trier or auger; ensure that the sampler is dean and operating 

correctly before inserting in the waste; decontamination procedures for the device will be 

those described in the USS Sampling Plan. 
5. Insert the trier or auger until the bottom of the waste conminer is contacted. 
6. Remove the sampler device and e~uude the conten(s into a stainless steel mixing pan. 

7. Repeat this process twice more inserting ~>e sampli~g device in two (2) new locations in the 
drum: a minimum of three (3) snbsamples (consi.<thigofthe entire heigbt of the drum) should 
be collected from each drum. 

8. Homogenize the s"il in 1he stainless steel ml~ing p~1n with a stainless steel trowel. 

Persoooel win weor either Level D+ or Level C PPE dming Ontm ""ntpllng. 
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9. Subsample the homogenized soil and place •n aliquot in a container appropriate for the 
analysis. 

10. Cup the container; decontaminate the sampling device per guidance in this plan. 
11. The laboratory performing the analytical testing will comply with the Quality Assurance 

Project Plan (QAPP). 

The analytical data generated from this additional testing wiU be assessed in comparison to ~'" a~1ual 
regulatory limits (Table !).If any limit is exceeMd, tbe waste is considered hazardous and must be 
disposed at a TSD. If no analyte concentrntion is exceeded, then USS will not remove waste to an 
offsite location. but place the woste back in the original site location. A copy of l!>e original 
Malytical f"Jlon for the waste disposal characterization must be provided to the dispooal company 
for evaluation. 

5.5.4 Sample Collection -Liquid Wastes 

For collection of liquid wostes from a drum, a Coliwasa will be used_ A Coliwasa permilS the 
representative sampling of multi phase wastes of a wide range of viscosity, corrosivity ;md solids 
content. The sampling rube consists of a 5-ft by 1 and 518 inch inner diameter translucent plastic 
(PVC) or glass (b<lrosilicate) pipe, The closure-locking mechanism consim of a short-length 
chaoneled aluminum bar attached to a stopper rod made from Teflon. Tile rod has an adjustable 
swivel that can lock the unit opened or closed during the sampling stage. For USS, disposable glass 
devices will be used. 

The following specific sampling procedures will be employed to collect samples from the drums: 

l Use available protective clothing, gloves, etc_ and obsCf\le requirod sampling safety 
precautions. 

2. Pooition the drum so that the open-lop lid, or the bung side is up. (Drums with the bung on 
1hc end should be posi!ioned upright; drums with bungs on the side should be laid on its side, 
with the bungs up.) 
Allow the contents of repositioned drums to settle for at least one hour.Slowly loosen the 
latches for an open-top container or the bung with a bung wrench, allowing any gas pressure 
to be released; remove the container lid. 

4. Make sure !he Coliwasa sampler is clean and operating correctly before immersing in !he 
W(ll,~e liquid; decomaminotion procedures for the devi"" will be those described in the USS 
Work Plan; adjust the stopper mc~hanism to ensure a tight closure. 

5. Put !heColiwasa in the open position and slowly lower the sampler into the liquid waste; 
lower !he s•mpler at a rate that permits the levels of the liquid inside and outside the sampler 
rube to be abont the same; if !he level of the liquid in the rube is l<>wer than outside !he 
sampler, then the sampling rate is too fast and will result in a non-representative sample 

6_ When the sampler hits the bo!tom of the container, push the mbe down to dose the Coliw,.a, 

X"»J:We<\_~RA\Rfl\FW-Rl'l W"'ol.n.)I~9_S'f''S0,..<>1_!DW_D;,!''"'1.d« 
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Toxicity Characteristic Leaching Procedure (TCLP) 
Maiimum Concentration of Cootaminllilts 

ill' A 
H.112Ardo"-' 

Contaminant WllllteNo. 

D029 1,1-Dichtoroethylene 

D030 2,4-0inilrotoluene 

DOI2 Enclrin 

0031 "' ~-
D032 Hnachlornben.,.,ne 

D033 Hexad1lorobutadienc 

0034 Hoxacbloroclhane 

DOOS uoo 
D013 Lindane 

ooo• M=< 

0014 Molhox chlor 

D035 Meth )elhyl ketone 

D036 Ni[robonzene 

0037 Penlacbloro heool 

D038 Pyridine 

DOlO Sele11ium 

DOll Silver 

D039 Tclmchlorocth lcne 

0015 Toxa hcnc 

DMO Triohlnroetb leno 

Rcgula!o.-y 
Limil(mg/1.) 
userorlDW 
Jignlds 

"' 0.13= 

0.02 

0.13*" 

05 

'" 
'" 
"' 
10.0 

200.0 

'" 
JOO.O 

5.0" 

'" 
'" 
"' 
"' 
05 

DG4t 2,4,5-Trkhlorophcnol 400.0 
Xc\""'w"k.ll-'I.'~Of"Rfl\1'\\'.RF! W~\'1'"-'""-S"''ISOPFSOI_lDW_o;,l"''l.""' 

"ZO,:ltulo" 
Cnn<:entr«!ion 
(mg/l(g)nsefor 
IDWsnllds 

14.0 

'·' 

"' 
0.16 

'·' 
10.0 

60.0 

•oo ---
..0 

'" ,00 
4000 

40.0 

,000 

•oo 
20.0 

•oo 
14.0 

10.0 

10_0 

•ooo 
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and Jock_ 
7. Slowly withdraw the Coliwasa from the waste container with one band whik wiping the 

sampler rube with a di.>posable doth or rag_ 
8. Discharge the sample into a sample container by slowly opening the sampler. 
9 Cap the container; decontaminure or dispose of the Coliwas and the rags, per gniilitnce in this 

pbn; then ship the samples to the selected analytical laboratory_ 
to. The laboratory perfomtiog the analytical testing will comply with the USS QAPP. 

TABLE I 
Toxicity Charaderislie Leaching Pr(IC(>dure (TCLP) 

Ma;«imum Conecntratiun nf Contaminants 

"' Reguloi<lrr ''lllxRule" 
Ha:r.<U"dUllS 

Cootominaol 
Llmlt(mg/1-) Contcnlrnllon 

Wa•I•No. '""'forlDW (mgfKg) nsc for 
liquids IDWsolids 

"""' A.-.eoio '·" 100.0 

000> Barium 100.0 2000.0 

D018 Bcnzouo 05 10.0 

D006 Cadmium w 20.0 

D019 Corbon Tet"'chloride "' 10.0 

D020 Chlordane OJXI3 0.06 

D02l Chlorobcn1.cnc 100.0 2000.0 

D022 Chloroform ... 120.0 

DOO' Chromium '" 100.0 

non o-Cre5ot 200.0• 4000.0 

'"" n1-Crosol 200_0• 4000.0 

D025 -Cre•ol 200.0* 4000.0 

D026 Cresol 200.0" 41}()().0 

DOI6 2,4-D 10.0 200_{1 

D027 1.4-Dichtorobcnzene '' "" 
D028 1.2-0id>lor<>ethane 05 10.0 

x.ru~'""''-'\F'Io""'RfliRFIIFW-RFl W"'k;bo.'-OOO_s,."o'"'"'-mv._o"J""'l.lnc 
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EeA 
H0%.1rdollS 
Wns!eNo. 

""'" 
0017 

'"" 

TABLEJ 
Toxicity Characteristic l.e<tching PriK't'dlll"c {TCLP) 

Maximum ConecntratiGn of Contaminants 

Regulatory '"20xR.pl<!" 

Cruttamlnonl 
LimitlmtifL) Conantrnlinn 
nseforiDW (mg!Kg) """- (or 
liquids IDW•ol!ds 

2,4,6-Trichlom henol '" 40.0 

2,4,5-TP(Silvox) '" 20.0 

Vinyl Chloride "' '" 
T>bloNoJo: 

Wilen -c. -m-. p-Cr=l <On"<n""Jion< ""'"'"' bo d"tffercn!iol<d, <he lOtat 
Cnocc!l1r.1ion sholl be roporJed. 
Tho qu:mlitotion limit L' grealer "''"' tlto regulatory Jimi~ The quonJil•>inn 
timir. lhcrcfor<, bccmn" lho rogulotory tlmi!. 
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Figure 1 
Investigation Derived Waste (lOW) Decision Flow Chart 
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Investigation Derived Waste (lDW) Decision Flow Chart for PPE 
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Figure3 
lnvosligalicn Derivod Waste (lDW) Decision Flow Chart tor Solid Materia~ 

"' 

'" 

lslho•n>a"'mplod 
art AOC orCAMU. 

gon.<a1odl10man 
inv.sOgalionlr•noh 

ondlor"'"Pil? 

" 

~~hozanJous 

~HaStttbasod 

onUSS 
Mo>li.Cgo1 

" 

lnsUfficlentKnoWI<<Ig< 

"'""~'"""'~""'""""~"'' oootoinorsondmanago 
oshoz.,dooswasto 
f>Ondingonalrslsol 

'"'""lig~oo<ample<. 
fl<lcordSDUrC{ISOfi!l\Vin 
oachd.,moroon\aiMr 

l>!hewasle 
hazordousby 

"'"'""'""''" "'ingllte20X 
~ule? 

SOPF504_1DW_FLOW DIAGRJIM 

Flgure4 
Invest! gallon Derived Waste {tOW) Decision Flow Chart for Liquid Wastes 
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FIELD OPERATIONS 
GENERAL FIELD OPERATIONS~ 

Page 1 of7 
SOP Number: F7U5 

Effecth·e Date: October 200? 
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Project Health and Safuty Coordiruttor The Project H&S Coordinator works at the site and is 
respol!Sible for cn.'<llring thm project personnel usc safe fteld procedures and are equipp<d with 
proper safety equipment He interacts with the Project Man.1gtr, Field Coordiruttor, and Corporate 
H&S on environmental monitoring progrnms and decont:nnin:ttion processes. 

Oualit~ Assurance Manager - The QA Manager ~·erifies the implementation of all quality 
assmrmce program requiremems for the project. He/She provides qn:tlity a=ncc tmicing to 
project sta!I and inter.tcts with the Project Manager on technical problems related to sampling 
nlcthods and instrumentatio11 He/Sl<e verifies that proper sample containers, preseJVation, and 
comai11cr deaning techaiqt>Os are specified and followed duriilg all phases of the projc:ct. 

Dmn Manugcment Coordiruttor- The Data Management Coordirultm is responsible for ova=ing 
and implcmCllting the daily data III3Jt:lge.onent requirement.<; of a projecL He/She coordinates all 
data man.1gcmcnt aspects of a project within the d<tta lllflrutgement group from project inception to 
dose-out. 

5.0 INTERFERENCES AND POTENTIAL PROBLEMS 

Comrrmokation is 1hc most effective means of elimilmting potential problems during field work. 
Strong communicmion between field team member.; nnd office staff prevent errors in field 
assignmems nnd promote safety. AdeqWlte site preparation and utility clearnm:e procedures must 
also be performed. Utility cteanmcc procedures are included in SOP F709 (site utility clearance 
proe<:dures) 

r..G EQUIPMENT AND SUPPLIES 

Potential cqui]llnent ntoded for field assignments In:t}' include: 

Soil probing machine (e.g., Gcoprobe) 
Conventional dnll rigs (e.g., Rotosonic, split-spoon) 
Hand auger, trowel, shuvel 
Stainlc'-' steel spoon$/bowls 
Safety equipment (hardhat, steel·toed shoes, Tj~·cxcovcmlls, safety glasses) 
E>.Jllosivc g:lS a11dlor ~~-ygen meter 
PID or PID!FID Meter 
Outer gloves, inner gloves 
Field data sheets 
Decontamination equipmem (m,thanol, water, soap. distilled water. bruslres) 
Paper towels 
Maps/plot plan 
Snfety equipmem 
Compass/Global Position S~·stcm (GPS) 
Tape trteasure 
Survey stoke.<, n11gs 
Camero and filn• 
Logbooklwate~proofl""n 
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NOTE: THIS SOP IS A GENERAL DOCUMENT. SITE-SPECIFIC CONDITIONS MAY 
WARRANT CHANGES IN PROCEDURES AND APPLICATIONS. FIELD STAFF SHALL 
DOCUMENT ACTUAL PROCEDURES IN THE APPROPRIATE FIELD LOGBOOK 

1.0 PURPOSE 

This procedure outlines the ge!lCral organization for sample collection, sample identification, 
reco!d keeping. field measuremems, 3I1d data collodion. These guidelines are followed Ill ensure 
that the activities used 10 doctm.lCn! sampling and field operntlons generate st:mdaniized 
information and identifica1ions 

2.0 SCOPE 

J.n DEFINITIONS 

4.0 RESPONSffiiLITIES 

protect Manoger- The Project M3I1ager is responsible forc!l'luring that, whem applkable, projea­
specific plans are in acco!dancc ,vith those procedures, or that other approved procedures ~n: 
de>..,lopod. Furthermore, the Project Marl<lger is responsible for de~elopmem of documentation of 
procedures, wlrich deviate from tltosc presented herein 

field Team Leader The Field Team Leader is responsible fur selecting and detailing the specific 
sampling techniques and cquiJ'mcm to be used, 3I1d documenting these in accordance with the 
Sampling a"d An.1lysis Pl3I1. It is the responsibility of the Field Te.1m Lc.1der to ensure that these 
procedures are implemented in lite field and to ettsure that personnel pclfolllling sampling activities 
have been briefed and trained to execute these procedures. 

Qtilting rnsoector- It is the responsibility of the drilling ill'lpct;tor to follow these pmcedures, or to 
follow documented, project specific procedures as dimctcd by rbo Field Team Leader and/or the 
Project Ma!L1gcr. The Dnlling !l!Spector is respo!l'liblo for the proper acquisition ofiuck cores and 
subsurface soil samples. 

Saumli11g Per<nnnol - It is the resJIOnsibilit:y of tlte fteld sampling person~el to follow these 
procedures, or to follow documented, project-specific procedures as directed by the l'icld Team 
Leader and/or the Project Manager. 11re sampling por.;ormel are respol!Sible for the proper 
ocquisition of samples 

Pmject Manager The Project Man:tger cltccks all wurk performance and aclmowledges tlmtthc 
applicable tasks required by tltls procedure have bcCJt porfonncrt. This wilt be accomplished by 
reviewing 3I1d signing llle field log books. 

Equipment M"liiJ"<'<- The Equipment M3I1ager (optional) is responsible for ensuring that all field 
equipment uood for the project is in working condition. He coo<din.1tes nll re:p:rir.; on broken or 
inoperative equipment. Also he/she is respol!Sible for labeling client-owned equipment. 

7.0 PROCEDURES 

7.1 Prt!-mobnization 
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The Project Manager shall provide copies of the Project QAPP and Project SAP to 13111pliltg 
pCl>onnel for use in the field. The QAPP should contain ~ll applicable SOPs and clean e<tpics oft he 
data recording forms. Sampling Pcrsonnd most complete the QAPP acknowledgement form 
(Attachment I) priorto commencement of wo.k and pMide the document to the QA M:magcr. 

7.2 i\olobl!ization 
All <!<juipment is to be checked on a daily bosis, at a minimum, prior to beginning field work, to 
verify th.1t it is operntional and calibrnted befom initiation of fteld acti\ities. 

7.:3 Daily Site Operations 
All decisions collCeming samplin~ equipment problems, changes in strategy. public relatio!JS, 
H&S, site visitor.;, and disdplinal)' problems will origirmte from 1he Project Manager or bislher 
appointee (e.g., Field Coordinator. Project QA MM~ger). 

7.4 Field DocumClltation 
All project activities will be recorded each day in the log book according to SOP F30J, Usc and 
Mainten3I1ce of Field Log Books lltis wlll include a minimum oflhe foUowing 

Project Number 
Project Name 
Page number 
Date (mm/ddfyyyy) 
Time (2400 hr.) 
A brief description of each sile activity 
SitovisiloJS 

At the dose of each d.1}"s field activities, the Field Coordinator shall :prEJIOre the daily Activity 
Log. sumronrizin.g tho activities that occurred during the day (Auachmcnt l) 

The Field Coordin:ttor sh.tll e!l'lure !hal the sampling proocdurcs specified in tho QAPP, SAP, and 
SOPs are followed during all phases of sampling activities alllte site. for each sampling activity, 
ftdd personnel shall record the inlbmtntion required by the SOP on the data sheets provided and/or 
ht the field log book. IT deviations fro•n the s>mpling procedures are rcq.llmd, an ae<:llnlte 
description ofthe clillllges (and reasons for them) slmll be recorded in 1he field log book. 

8.0 QUAIJTY ASSURANCE RECORDS 

Where opplicnble, Field Test Boring Records and Test Boring Records wilt sen·e as tlte quality 
assurance tccord~ for substJrface soil samples. rock COteS and new surface soil samples collected 
"'ith a hand or power oug<r. ObseTvations shall be reronled in the Fidd Logbook or PDA as 
described In SOP FJOJ. Chain-of Custody records sl"'ll be completed for samples collected for 
JaboratOl)' an.olysi~ ~s described in SOP F302. Once 1he htvestig,tion is complote<L the field 
logbook (and/or copies) becomes p<lrt of the Quality Assumncc Record ~ud must be placed in the 
E~idcnce File for the project 



9.0 HEALTH AND SAFETY 
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A H&S progrnm for drilling will prevent injury 10 workers and obsc•vc.s; reduce any negative 
impaol on the community rn1d !he cndronmont: diminato; da(llnge 10 surface and subsurface and 
structllre.'!, and alleviates and diem concerns O\'er safely/c~pertise. The H&S program mll'lt prc­
q1l:llify the drillers considering previous safety perfonnancc (TRIR, EMR, etc.); training nnd 
experience of personnel; age and condition of required equipment; medical and substance abuse 
SII!Vei!lance; proof of insur.mce; licenses and registrations; and i1s references. 

10.0 REFERENCF.S 

U.S. EPA, 1991. Standard Dnernting Procedures and Ounlil'l Asspmncr Manual Envirorunemnl 
Compliance Branch, U.S. EPA, Envirorunental Services Division, Athens, Georgia. 

QUALIIT ASSURANCE PROJECT PLAN ACKNOWLEDGEMENT FORM 

Field Activity:---------------------

ProjectNumbcr: --------------------

Description of Activities 10 be Pcrfonned· 

Applicable Work Plan or Scope of Work: 

Applicable Standard Opernting Procedures (SOPs) 

0. 

1 acknowledge that 1 have reviewed tho appropriate SOPs (above) from the U. S. Steel -Gary 
Works Facility Wide QAPP (rno.>l current edition) as they penain to the field acti;ities I am to 
conduct 

Name: 

Signature: 

Dat<:: 

Attnchmentl: U.S. Steel (Gary Work1) Facility-wide Qualify Assurance Project Plan 
(QAPP) Adau>wledgmcnt Form 

Attachment 2: U.S. Steel (Gncy Work•) llaily Activity LogSbcd 



URS DAILY FIELD LOG 

PROJECT: 
PROJECT NUMBER· 
PROJECT MANAGER 
URS STAFF: 

SUBCONTRACTORS ON SITE· 

EQUIPMENT ON SITE 

WORK PERFORMED 

WEATJ1Eil. 

·~ _, 
HUMIDITY 

HEALTH & SAFElY LEVELS AND ACTIVITIES: 

DATE· 
DAY: M T WTI1F 

sum;¥ ffi'ERCAST 
·~ 

SliOW 

'" m MOD.RATE "'" DRY MODER,\1E """ 

QUALITY CONTROL ACTIVITIES (INCLUDING FIELD CALffiRATIONS): __ 

PROBLEM:$ ENCOUNTERED: 

SPECIAL NOTES: 

COMPLETED BY ____ ~REVIEWED BY ____ ~DAlli __ 




